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'PREFACE 

1 , v v * 

To ^perform his woik intelligently, ;in artizan nnisf/*tiave a 
knowledge <>f Elementary Mathematics. When l|Tcomes* to 
appreciate this fact for himself the workman generally finds 
that even the arithmetic lie lgirnt at school has left him, apd 
he remembers little more than four simple rules and the 
multiplication table. Teachers soon discover that though 
anxious to learn, a student of this kind does not wish to lose 
contact with the practical requirements of the workshop,— 
he is impatient of “pure” mathematics,— s<^the question arises 
how to teach him mathematics enough, by dealing with the 
calculations themselves which he is actually called upon to 
make lit his # %>rk. • 

The plan whiclPWf^hfcmd most successful is a compromise. 
It is useless to say that all students ought to learn the broad 
principles of mathematics first, and apply them afterwards. 
Experience has proved that most artisans will not attend 
classes where th&^ffhorities decide that this is the only 
course. 

To mefNthe difficulty classes in Workshop Arithmetic, 
Workshop Calculations and Practical Mathernatics^have grown 
up, ^nd it is to provide for young workmen beginning to attend 
one of these classes that this little lxx>k has been prejiareA* It 
will form with Part J. an introduction to my larger volume 
on “Practical Mathematict^”-.wfeich has been received very 
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t favo^iWy, and^will, I trust, prove servicelblc of 

students who deserve every assistance. ’ 

A long experience an my own classy has conv inced m& that 
the solution of a large number of carefully gradu* 
of a practical kind is the beat way to maintain 
the student. It will eous^juently be fo(! 
prominent characteristics Tf the pre^nt book, ad»«jsj^ of 
Part I., is the subordination of rigid inath^Kitual moot to 

tb^B^Jeift’s 


..x V.IV nuownuiiauwil III llgiu I11U 

X^he provision of numerous problems drawn 
cv&Jjajay experience. * 


aintai^pe ytra/est of* 
fofl^fthat jfe most 
it book, arifre alsa. of 
the^ratU 
iim tl 

^ «r* 


London, 


FRANK C'ASTBE. 


At the end of tb* edition Miscellaneous Exercises have been 
added, arranged in sections, corresponding roughly to those 
adopted in the bohk. It is hoped that these may lie found" 
useful either for working simultaneously with#Lhe sections to , 
which they refer, or as revision exercj»«“!»ne ’corrections to 
the answers have been mad^and this opportunity jj taken 
to thank those teachers and lElffients who have directed my 
atteiftion to the need for them. 1 also desire to thank the 
Union of Lancashire and Cheshire institutes [L.C.U.J the 
Unftm of Educational Institutions [U.1 ?!X«k 1 the National 
Union of Teachers [N.U.T.] and other authorities for their 
permission to use questions from examination pap#ra 


F. C. 
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"WOI^SHOP MATHEMATICS. 


SECTION I.-LABOUR-SAVING METHODS. 
CHAPTER I. 

DUODECIMALS. 

In the mensuration of both plane and solid figures, the somewhat 
tedious and troublesome arithmetical operations of multiplica¬ 
tion, division, involution and evolution are continually required. 
To facilitate such computations, however, many labour-saving 
devices are used by practical men. By such means operations 
which otherwise would involve considerable labour, ntid con¬ 
sequent risk t)f*errc ,, Ara^K'rformed readily and in many cases 
almost meclianically. 

In Part I. of this course the subject of Mensuration, as far a* 
plane figures, has been considered, and before proceeding further 
it will be advantageous describe some of these shortened 
methods which are in .general use. 9 

Amotigst the many forms of Jalxmr-saving contrivances we 
can only ref<j$Jo a few. Perhaps the most common is that of a 
carefully compiled table of numbers by means of which, know¬ 
ing the weight or price of a single article, the weight or price of 
any number can at once be ascertained. Such tables constitute 
the so-called “ ready reckoners. ” 

u Also, in special cases where a large amount of multiplication, 
division, etc., has to be performed,, one or other of the many 
W.M. II* A « 
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forn» of calculating machines may be used} These are, how-. 
• ovor, War too expensive* for general u«e. Jlen??, when it is 
necessary for any practical purpose to multiply or divide one sut 
of numbers by another, contracted nx^liods of multifWfcatipn, as 
shown in hut 1. p. HO, mav be adopted ; or, in some cases, what 
are called ilmuh'iunHih may lie used with advantage. • • 

Hut in all oases probably the best amWmwt trustworthy t 
method of performing tlcWlitlerent arithmetical processes is by 
means of logarithm*. * * 

Duodecimals. Wlicn it is required to multiply two quanti- 
tics together, in which bufli limiti}>)u*r and multiplicand are ( 
expressed in feet and inches, we may ieduce the given quantities 
to feet, and fractional parts of a foot, and obtain the product in 
square feet hv using either vulgar or decimal fractions. Or, 
lMith the given terms may bc^expiesscd in inclies, when the 
product will lie in s<piare inches. 

Hv tlie method of duodecimals, piacticully used by bricklayers, 
painters, gki/ieis, and othirs engaged in tin 1 building tiades, in 
estimating then* work, it is not necessary to reduce lengths,etc., 
to the same denomination. 'Hie process is in many respects 
analagmis to the multiplication of decimals. 

'Hie unit, one foot, is divided into 12 primes (!'); the primes 
are each divided into 12 seconds (1"); and eaeli second again 
into 12 thuds (1 "); and these are divided int<y 2 fourths (l ,r ), 
and so on. The word *pnits is soim'tqjjys mrtl instead of 
‘ seconds.’ ^ 

•The divisions and subdivisions of the square foot are called 
superficial pi hues, seconds, etc.: and in the subdivision of cubes 
the parts are called cubic prunes, cubic ^seconds, and so on. 

In the first place, then, the product \^|eet multiplied by feet 
is foiled square feet. The product of primes and feet aro*super- 
fieial primes: thus, 1 prime-, 1 , sq. ft., and 1 prin^ multiplied 
by 1 foot-- x 1 - l superficial prime. In a similar manner, 
tlie prod u A of feet arid seconds are called superficial seconds. 

The process of multiplication and the conversion of the.resulfc 
toAubic measure may lie shown by a simple example : 

Ex. 1. (a) Find the product of 4 ft 8 in. and 3 ft. 2 in. (6) Mul-' 
tiply the product by 10 ft. 2J in. 
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Method. —(a) Writo down the two given dimensions so tluf like 
quantities arf Imifltediately under each other. * • • 1 

Begjn with the number denoting feet in the multi- ft. 2' 
plier ftintotbe lowest dnn%iHion in the multiplicand, 4 8 

and carry one to the left for evety 12 in each product. 12 ft. S' 
(Next multiplK^V the inches; cariy one as befoic and 2 1 4" 

set down* the r^h^t one place to the right of the 14 ft. 9' 4" 
former p^wluct; proceed in like mait^r with a thiid 
dimension whe^one is pfseut 

Thus, in the%thovc example, multiplying by 4 we lm\e the 
product of 3 ft. 2' by 4 12 ft. S', as shown. 

Next, multiplying by S we bavo 8*2 Hi - 12 < 1. We set down 
the 4^one place to the right, and carry I to the next tigmo. Then 
8x3-24 and 1 carried from the hist tigme makes 25-24-I 1. •So 
we set down 1 and cany 2 to the next place 

Adding these, the pioduct is 14 sq. ft. + 9 supcilioiul primes 
+ 4 superficial seconds. • 

This may lie converted into squat c fe< ( and Mpuue inches as 
follows : 

14 sq. ft. +9' f 4" - 14 sq. ft, | ( y\ I , | ,) * 111 m|. in. 

- 14 sq. ft. t ({^ + | },) I H sq. m. 

-- 14 sq. ft. ! 112 sq. in 

Aa already indicated in Part 1., p 113, (lie product of two 
given lengths, or linear dimensions, (oiiesponds to the aiva of a 
rectangle, and is denoted l»y square feet, square mehe.setc. In 
like manner jAen tlie pioduct is multiplied In a tlum*length, 
called the altitude, tlnvhcight, or the tlinkuess, the result is 
oxpresjgjd by cubic feet, cubic indies et< , and corieHjjnhds Jto 
the volume of a given solid. 

• • 

(A) We have now- to multiply the product 14 sq. ft. 9' 4" by 
10 ft. 2£ in. p 

No* 10 ft. 2.4 in. l5 ft. 4 2in. - 10 ft. 2' 0”. • 

A* before, we commence by multiplying 
by 10; thus^O x 4-40. Hence we carry 3 14 ft.. 9' 4” 

primes to the next figure and write down the 10 £ 9 

remaining 4 seconds. Next, 147 ft. 9' 4" 

' 10x9 + 3=93=(7 x 12) + 9. 2 5 6 8"; 

This gives 7 to be carried to the next figure,_ -7 * 8.0* 

and the remainder 9 is written flown. 150 ft. It/ 3" 4 

Finally, 10 x 14+7=147. 
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Th^ remaining two products are found in like manner; and, on , 
•adding*the volutnl is found to he 150 cub. ft. lOc^b. primes+3 cub. 
seconds + 4 cub. thirds^ or ^ 

>50 cub. ft. + fj ? + 1 1 1 + 1 A‘ d x 17t28 cub. inf** 

-150 cub. ft. + 1480 cub. in. 

excises. I. 

Find by duodecimals, and express in sejuaro teet/nugics, etc., tne 
areas of rectangles whose lengths and breadths are 

I, 4 ft. 7 in. ami 9 ft. 0 in.« 2. 17 ft. S in. and 11 ft. 3 in. 

3, 2 ft. 3 in. and 5 ft. 7 in. 4. 9 ft. 10 in. 5" and 10 ft. 5i». 0", 

c 

Express in cubic feet, inches, etc., the volumes of solids whose 
lengths, breadths and altitudes are 

5, 10 ft. in , 4 ft. 8 in., nn<|pt) ft. 4 in. 

0, 23 ft. 3 in., 13 ft. (» in., and IS ft. 7 in. 

7. 3 ft 5 in., 4 ft. it in , and 8 ft. 7 in. 

8. 9 ft. 3 in., 11 ft. f> in., and 3 ft. 2 in. 

9. 2 ft. 9 in , 1 ft. 8 in., and 1 ft. 4 in. 

10. 13 ft. 7 in., J)|t. 3 in., and 2 ft. 5 in. 

II. 4 ft. 2 in. 7 parts, 3 ft. 2 in. 3 paits, and 7 ft. 5 in. 

12. 7 ft 5 in. 7 parts, 4 ft, 2 in., ami 3 ft. 4 in. 7 parta 

13. 4 M 7 in., 4 ft. 2 in. 3 parts, and 2 ft. 7 in. b^gry: 

14. 3 ft. .8 in. 4 , 1 ft. 7 in. O', ami 1 ft/T in. 9* 

16. The internal measurements of a wooden Ikjx without a lid 

are: Length, 4 ft. 3 in : breadth, 3 ft. 7 m. ; ; depth, 2 ft. 5 in. 
Find,iproterubly by the duodecimal method, (l) the volume of the 
box, (n) the total internal area ot the woqd used. [N.U.T.] 

18, Find, using duodecimals, the areaorftn oblong notice-board, 

4 ft. 7i in. long and 2 tl. ti in. wide. [N^U.T.j 

17. The breadth of an oblong Hour is three quartemUJf its length, 
the perimeter of the Hour is 8U It. t in. Find the area of the floor. 

v [N.U.T.J. 



CHAPTHiU II. 

LOGARITHMS. 

MULTI PLICATION AND DIVISION BY LOGARITHMS. 

Logarithms and Logarithmic Tables.- The two rnoHt im¬ 
portant labour-saving methods are furnished by logarithm* and 
the slide-rule. As it is necessary that l>oth the student and the 
practical man should be able to use logarithmic tables with 
ease and facility, and as they may l»e used icadily even by those 
who are not acquainted with the manner in which they are 
calculated, it is desirable before entering^nto any explana¬ 
tion as to the principles on which common and hyperbolic 
logarithms are based to consider how, by means of a table 
of logarithms^ the arithmetical operations of mnlt^glication, 
division, iifvftlution an^ evolution arc performed. We shall 
also find that many problems which would bo impossible by 
arithmetical processes are readily solved when logarithms 
are .used. Again, in using a slide rule, a knowledge of the 
use of logarithms is of service, enabling the significance of its 
divisions to be more,intelligible than would otherwise be the 
case. • # . 

Logarithm of numbers consist of an integral part called the 
fa dex or characteristic, and a decimal part called the mantissa. 
If the reader will refer to Table III., he will find tfiat opposite 
each of the numbers from 10 to 99 four figures are placed. 
These four figures are callod the mantissa ; the characteristic, 
which may be either positive or negative, has to be supplied^ 
when writing down the logarithm of any given number in 
way to be presently described. 

' A. 
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« 

• >yhfru great accuracy is required, seven or^moi* figures are 
to Is; found in tho nyintissa. # 

Logarithmic table.* of all nmnberyfrom 1 to lOQfXX) have 
been calculated with seven figures in the mantissa, hut for all 
ordinary pnr|M»scs, and where only approximate ^eolations are® 
required, such a table as that shown in Tal^Ill., j>. 164, and 
known n* f> it r-ft </mr lt»jnri0%* y is very convenient. ^ 

By means of the numbers I<> to !)!), Ind (</) tjjose at the top 
of the table, and (A) those m*the diHerence eoluflintm the right, 
the logarithm of anv number from 0 to 10000 can bo written 

i « 

down. 

Jn logarithms all numbers are expressed by the powers of 
some nmnlsT called the 

J >KKi.vjTio.v. The logarithm of a number to a given base is 
the index showing the poweji to which that base must be 
raised to give the number. 

Tims, if .V denote any number and <t the given base, then by 
raising </ to some power r we can get X. This is expressed 
bv the equation 

. 1 ’ a*. 

Any number cay be used as the base, but, as we shall find, 
tho system of logarithms in which tho base is 10 is commonly 
used. 

Thus^jf tho base In* 2, then as 8~2\ 3 is tho^Jogaritkm of 8 
to tho Ihwo 2. This can also be expressed by writing log a 8«=3. 

In a similar manner, if tho base bo then 3 is tho logarithm 
o£»125 to tho base f>; • 

log. 125 *3. 

A l*i 6» = 2*=4 1 = « 3 . 

ilonce 0 is the log of 64 to tho*base 2 ; 

* 3 is the log of 64 to the base 4 ; • 

2 is tbo log of 6-1 to the base 8, etc.; 
log 2 64"fi; log,64-3; log,64=2, eux, 
using in eafeli case tho abbreviation log for logarithm. 

Logarithms to the Base 10.— It is most convenient to use 10 
as *the l>ase for a system of logarithms. It is then only neces¬ 
sary to print in a table of such logarithms the decimal part or 
mantissa; the characteristic can, we shall see, be determined by 
inspection. The table* *re in this way less bulky than would 
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• 

otherwise be 4he ^iko. When calculated to a huge 10, logarithms 
are known as ( .'0111111011 Logarithms. ® 0 

^inco if— 10*; 

• h»Kio*V 

br by defifkiti(~r», substituting positive iiuiiiIkms fur A\ 

As | *>1-10°; loi^ 1-0. 

Also, • 10 ; . log «|0 1 . 

Again, • % 100-10 s ; . lojjlUO * 2 , etc 

In the cha])ter on Indices (]>. 113) we find that I,or ( * 0 , can lie 
written as lO" 1 ; also ‘01, or cifti he written as 10 \ 

Hfince log* I - log -I, 

and log * 01 : --* 2 , ete. 

Tlie mantissa is i/fn'at/s positii't\ and instiad **f writing the 
negative sign in front <>f the ^uiraeteristii, it »s customary in 
logarithms to place it over the top; thus, log ‘1 is not written 
- 1 hut as 1 , and log 01 2 . 

In the preceding logarithms we have only nisei ted the 
characteristic ; the mantissa consists of a senes of ciphers. 

Thus, log 1-0 0000 , 

log 10 -1 * 0000 , 
log loo — 2 *<HK) 0 , and so on. 

As tiie logarithm of 1 is zero, and log 10 is 1, it is evident 
that the loganihina of all numbers lxitween 1 and 10 consist 
of a certain number of fthcimals. 

Thun, log 2 — *3010 indicates, that if we raise 10 to the power 
‘3010 we shall obtain 2, or 10 3 l,,< '--2. 

In a similar manner, *200 = 2x100 might lie written as 
10 s x 10 J0 ‘°, 

• .*. 200 — 10 s ™”. 

Hence w^write log 200=-2*3010. 

The characteristic of a Logarithm. It will # l»e seen by 
inference to Table III. that the logarithms of numbers liecome 
larger as the numbers are larger. 

Referring to Table III., opposite the number 47 we find the 
mantissa *6721, and a« 47 lies lietween 10 ami 100 the character¬ 
istic is 1 . Hence the log of 47 is 1*6721. 
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Ajrain, the manlier 470 lies lietween 100 an^ 1QQ0, and there-* 
fore uie characteristic is in this- caso 2 ; 

log4t(U.2'<iJ!l. m • ' 

In a similar manner, the, logarithms of 4700 and 47000 are 
30721 and 4 0721 respectively; in each case the idintixsa is th^ 
(tamo, hut the characteiistic is ditlcmit. * 

The rule by which the ^Jfliraetrristic is found may^be stated * 
as follows: The charactcrittic. of any number yrea^r tha% unity it 
*'* h'** by ° >h ‘ the number of fjurat to the left of* 
the dermal /mint. 

It must also ho borne mind that the eharuetemtic of a 
number let* than unity it negative* and it yrenter by one then the 
nf!miter of zero* which folioir the decimal /mint. 

Kx. 1. To write down log 047. 

Here ono zero follows the deejnul point, hence the characteristic 
is 2; 

log-047-20721. 

Again, to obtain the log of 00047. 

As thoic mo three zeros following the decimal point, the char¬ 
acteristic is 4, and 

# log '00047 - 4 0721. 

Similarly in tin* case of log '47. Here the rule will give I for the 
characteristic; 

^ log 47 -1 0721. # • 

Other numbers should be taken {pom Table*ftl„ and the 
characteristic of the corresponding logarithm determined by 
inspection. After a little practice the writing down of the 
logarithm of any numlier becomes quite easy. 

Another method of determining the characteristic is to treat 
ai^y given nuinl>er as follows : 

470=4-7x100 «4-7xl0*. 

Hence as before the characteristic is 2. 

Similarly, 4700 =47 x 10 3 , -47 = 4-7 x 10" 1 , 

•047—4*7 x Hr*, 0047-4-7 x 10'*. 

«lf all numbers are written in thu alwve convenient form the 
characteristic is, as alivady indicated. the index of the multiplier 
10. If this method <'an be easily and readily applied by the, 
Btudcnt it will save the ^rouble of remembering rules. 
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* • 

Logarithmic Tables.- -To obtain the logarithm of a timber 
consist ing of Jbur figures. 

'The Vqj to proceed is follows: 

Ex. 1. Fin^ the log of 3708. 

» First loo^ in Table III. for the number 37, then the next figure 0 
is found at the top'ifptahle, so that the mantissa of 
.* l.. K 37ft -= T.T%i. 

At the extrenft^*ight off he table will ho seen a column of differ¬ 
ences, as they arc called ; thus, under the figure 8 is found the 
number 9. This must be added to the mantissa pieviously obtained. 

Hence we have mantissa of log 370 = 5752 
* Add difference, 9 

Given mantissa for log3768=5761 

Hence log 3768 - 3 57 6 1, 

also log-0037f8 3 5761, 

and log *3768= 1 5761, etc. 

To find the number corresponding to a given logarithm or the 
antilogarit/un o f a nitmlw. 

Ex. 2. Given the logarithm 2*4725, to find the number. 

From Table IV. of autilogurithms, # 

Opposite the mantissa -472 we have 2965. In the difference 
column under the number 5, ami on the horiwmt.il line 47, we have 
the 6 guv 3. ^ 

Hence thecorresponding mantissa = 2968, and the numbofthequired 

is 296*8. * 

If tb^given logarithm had lieen 2 4725 the required numW would 
l* 02968. * 

Multiplication by Logarithms. -A/ uthiimi th. layaSthm • 
of two or more numbers together , ice obtain the logarithm, oj their 
prodtet, and the number corresponding to this logarithm , obtalhe i 
from Table IV. of antilogarithms, is the product required. 

Kx. 1 . Multiply *2885 by *915. 

From Table HI, log 288 = 4594 

Diff. col. for 5, _8 

, .*. log *2885=1*4602 

Also log *915=1*9614 

K . :. logarithm of product = 1 *4002 +1*9614 = 1 *4216. 
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From Table IV t , antilog 421 = 2636 

* DiIT. col. for 6, 4 

• .-. anti log 4216-^640 

The negative eharaeteristie indicates that the product is a decimal. 
Honce number corresponding to 1 "4216 '264 ; t ^ 

. -2ks:> < ooi5- -20^ • * 

In adding the two lngat^lmis we eommenee with the^niantissa 
and obtain 4216 with I to e.ury; ne\t%uhlmg t|po two negative 
characteristics we have 2 i l 4 I. # * 

• 

KXKRCIKKS. II. 

Multiply 

1. 709-3 by I 007. 2. IS 07 by 0651. 3. 23 26 by 2 087. 

4. 46-237 by IS-15. 5. 30 OS by -00258. 6. 51 '47 by 20'7. 

7. 321 '4 by 3*063 8. ?0 03#>y 4-051 9. 85*61 by 07561. 

10. (i) 6-709 by 3 (Kit; (i'l) *00021.1 by 3490000. 

Multiply together 

11. 3*54, -026, and 131. 12. *07653, and 5 007. 

13. -05, *0156, and 20 01. 14. 1 102, 27-01, and 5 002. 

Multiply the following. 

15. 28 -31 by "00894* 16. 11 82 by 003961. 17. *5684 by 893. 

18. -03571 i>y -2568. 19. 27 85 bv 08603. 20. ‘3948 by „Vi* 

21. 13*02 by *6982. 22. 13 73 by '006507. 23. 79*35 !>^2 315. 

24. -eafTy IKIi. 25. (i) U>S4!>by -726; (ii) ff*s>«by 14-4. 

26. |i) T_>-7.'> l.y -oust; (>i) oioni by 27. 14-95 by ;00734. 

28. 420-3 by -1 317. 29. 5-SIT bv 0173,3. 30. 01342 by 0055. 

31. Kind the ntimeiical value of pr x h when 

• (i) or..T03, /I---2S. (ifl a - "32, b= ‘.>31. 

(iii) n - 76"05. b . 1 -0305. (iv) a -125000, b= -00005. 

• 

Division by Logarithms. The logarithm of a quotient is 
obtained by subtract ing the logarithm of the din tor from the 
logarithm %f the dividend; the number corresponding to this 
logarithm , found on reference to the t<d>le of antilogarithms , is 
thS liHinlwr required. 

Using this rule for division, it is an easy matter to write 
down the logarithm of a number less than unity, and to verify 
the rule given on p. 18* 
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DIVISION BY UXJARITtaMS. 

Thus, log 8*7 =$2'6721. , 

This may be verified hy notmgethat 8)47 J, 4 " ; 

lug-044 - log -log4-7-log 100 -8)721 - 4-40721. 

In a similar maiflu-r -47 - ! 1 ; , 

* | ° * 

l (, g'V%"g 1( ‘ log 17 -loo lo - (!72l - 1 - 14)721. 


Air. 1. Divide 3 043 by -0052.5. • 

Fr(Xn Talilc III, log301- 4829 

Dill. col. for H, 11 * 

log 3 048 . : -4H40 .(i) 

Also log 8Xffi‘>.5 -,3-7000,.(ii) 


Subtracting (ii) from (1), 2 7038 
From Table IV., antilog 703 . 57114 

Dill. col. for 8, II 
antllog of 7038 - 5805 

Hence log 2-7638 -580-5; 

3 048 -r 00525 - 580'5. 


Divide 

1. -006362 by 2-052. 
4. MS by -0137. 

7, -1538 by 217. 

10. 360-2 by 898-9. 

15. 4 -32 by 8*1036. 

16, 8-312 by 23 05. 

19. -0009481 by -0157. 


EXERCISES. III. 

2, 09-94 by 2890. 

5. -414 by 34-5. 


14. 00729 by -2735. 

17. 4 -7.36 by -0435. 

20. ill by 7,V 


3. 42-547 by 881.542. 


15. 157-3 by 3405. 

18. --W»l)y 38-15, 

21. 16-25 by 4-35. 
23. 5 by -0065. * 


22. (i) -01 by -85; (ii) 8)1342 by 0055. 

24. -0004892 by 8)00365. 

25. The product of 8)047, 8)0035, and 8)0918 by 018. 


6. 1517 by .34'2. 
8. 907-9 by 178)3. 9. 10 83 by 033JI9. 

11. -349.3.5 by 8)00137. 12 0.5344 by 83 5. 
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MISCELLANEOUS EXERCISES? if. 

Divide • • 

J. (i) 17'28 by 14-4 ;*.(ii) -008827 by -(*0325. 

2, (i) MI-48 by 047 ; (li) 27-58 by 0374. 

S. (i) 23-41 by 7118-0 ; (ii) 7’44S by 481)5. 

4. (il 94-78 by 2-847 f (ii) 2 Q10 l.y 1)71. 

5. (i) 1-01,1 by 3-375 ; (il| «-53 by 0.174. 

6. (i) 13-75 by 11125 -. (n) 220 I by -008*4. 

7. (i) 17-25 by 18)23 j (ii) ll*!5 by 4-35. 

& (i) -0123 l.y -85 i (ii) -5J>y '0005. 

9. -0004092 by -0003115. 

,, 20000 x 241) , .... 

let it 31 - 144 )) 00 () . x 14 ( 0 ’ m< *' u ‘ llulm ' rl| xd value of x. 

11. Calculate a x b r, 

(i) When a .0111-3, 5 -1^, and ,- - I -43. 

(ii) When n 11-281, b 05473, and r 750-3. 

(iii) When)! .10, h- 01.142, anil ,- - 0055. 

12. Ilow many portu hi* 07 im-ln-s long can be cut from a rod 

12 illrliea long '! 

13. Calculate tin- value of o x h and it : 5 when 

(i) a -201-4.1, 5 3-128. (ii) «-490-8, 5-2-317. 

(iii) n_-01188ft, I. -004)235. (it) « -- 01342, 5- 1*155. 

(v) n- 210-13, 5-4 054 (vi) n -27-58, 5=-0.174. 

(vii) (1 = 721-4,, 5. 21 9. 

Summary ., 

- The logarithm of n immbrr (.ibhrovinted to log.) in a {firm base in 
tXt index of f h- purer fn icfiti h (licit bn-ne mimf he raided to give the 
number. Tlnm, if the lame Iw HI. tint log. of 11)0=2, since 10^ = 100. 

Two systems.—There arc two systems of logs-in general use; 
theae are known as common in which the base is 10, and Napierian! 
or*(au they are often called) Ij/prholir, in which the hue hi 
3‘71828.. . This lwse is usually denoted hy the letter e. 

X&ntta&i and Characteristic. -The log. of a uuml>er Consists of twq 
,-. P* rt ? cttjl^l the mantissa and the characteristic: the former may bo 
, .obtained ft%m I aide I if., the'lntter is determined by inspection, yi 
Multiplioatlon. Add twthcr the logs of the numbers, and find 
number whose antilojr i* their sum ; this number is the product • 
required. ‘ r 

1 S ! ,btnict the divisor from the log. of the 

dividend and tind the unmlkcr whose antilog. is the difference : thle : 
; Will give the quotient required. -li 
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INVOLUTION AN!) EVOLUTION BY LOGARITHMS. 

r> 

COMMON AND NAP1KRIAN LOGARITHMS. 


Involution by Logarithms, jj’o obtain the puree of a number 
multiply the logarithm of the numUr by the inile.r reprcuentiug the 
poioer required; the product t* the logon it Inn of the number re¬ 
quired. 


Ex. 1. Calculate the value of (0-07) 3 . 

The process is as follows: Write down the log of the number as 
shown ; multiply by the index (3), and obtain t> 
for the mantissa '.">353 and the characteristic 4. log 07—3*8451 
This usually presents some difficulty to a l>c- 'f 

ginner. tfo obbgn the characteristic we say log(0*07)^4*5353 
3 x 8=24, plus > carried from last figure, gives 
25, and we write down 5; next, 3x(~ H)~ ~(l and - 6 added to 
+ 2 carried from previous figure, gives 4. which, as already 
described, is written 4. 

.*. log(0*07)*=3x2*8451 
> . =4*5353. 

Referring to table of antilogarithms— 

Corresponding to 535 we find 34&i 
Diff. col. for 3 we find _ 2 
: . _ 3430 

Henoe log4*5353 corresponds to the number *000343. 

.*. *07*= *000343. 


Contracted multiplication may with advantage be used when 
.the Index consists of three or more figures. 
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J$x. 2. Calculate the value of (9)* 78 . 

*• '* log 9 = *9542; 

.-. C -9M2 
673 , 

2-8626 

6679* 

. r >72!ft 
* 3 5877 
analog 587 = 38^J 
DifT. co^ for 7 = 6 

.. antilog 5877 3870 
Hence r (9)* ”--3870. 

t When the index of a number not only consists of several 
figures, but the number itself is less than unity, so that the 
characteristic of the logarithm of the number is negative, it is 
necessary to convert the wholg logarithm into a negative num¬ 
ber More proceeding to multiply by the index. 

Ex. 3. Calculate (T»78)' ,,: ® 

log :>78 - 1 -7619, or -1 + '7619= - -2381. 

The product of - -2381 and - 376 is *8952. 

antilog 8952 = 7856; 

\ (’578)’ 174 =7'856. 

When the mantissa of a logarithm is positive, and the index 
a negate number, the lesnlting product is nf^ativd? Wlien 
this occurs the mantissa must he mad<*positive bc&re reference 
is made to Table IV. 

t 

Ex, 4. Calculate the value of (8'4) 197 . 
k log 8-4 =-9243. 

- 1 '97 x (1243= -1-8208. 

As the mantissa ’8208 is negative, it must lie made positive, i.t., 

- '8208=1-1792. 

Hence, - 1-8208 = 2 1792. 

antilog 1792= 1511 ; 

9 (8-4) IW = *01511. 

This may be verified, if necessary, by writing (8*4)'** in it* 
equivalent form, - J-p 



EVOLUTION Blf LOGARITHMS. ' l* 

• | 

• Evolution by Logarithms. —Divide the logarithm of the 
number , the root %f ichick is required , by the * number ^chich 
indicates the root. • • 

No.diflfculty will 1 m? experienced when tfio characteristic aiui 
mantissa are tyitli positive. But, although the characteristic of 
the logariyim may be negative, the mantissa remains positive. 
Ifence thf^charort eristic, when negative, usually requires a little 
alteration in form befuro dividing by the numligr, in order to 
make suoh lojmpfhm exactly divisible by the niimlicr. 

Tlie methods adopted ran best be^hown by examples. 


J'Jr. 1. Kind the cube root of 475 * 

Froyi Table 111., mantissa of log 4/5 -6767 : 

. log 475 i 2 -0707. 

To obtain the cube root it is necessary to divide the logarithm 
by 3, and we obtain 


2-67611 


*81123. 


From Table IV., p. 167, we get 

antilog 892 - 7768 

Difl. col. for 3,_5 

.*. antilog 892,3 -7S03 
Hence v'475 7'803. 


When the given number is less than unity, the characteristic 
of its logarithm iH negative, and a slight adjustment must lie 
made ben ire th^divismn is pci formed. 

Ex. 2. Find the value ot \ 475. 

log ‘475 - 1 *6767- • 

To obtain the culs> root it je necessary to divide I •6767 1^ 8; 
before doing so the negative characteristic is, by adding - 2, made 
into 3, so as to be exactly divisible by 3. Or, i 2 is added to the 
mantissa, thus 1*6767 becomes 3 + 2*6767. • 

Hence # J f8 ‘ 2 6767) - f 8023. 

Ah in the preceding example, the corresponding antilog is 7803: 

s! /, 475- -7803. * 


'Fhe adjustment indicated in the preceding example should be 
performed mentally, although at the outset the Iwginner may 
find it advisable to write down the numbers as shown in the 
example above. 
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In dividing a logarithm by a given numlrcr it is necessary,, 
whenctho divisof ia greater than the first tank in the mantissa, 
to prefix a cipher. ‘•a , . 

Ex. 3, Find the fifth root of 3. 

log 3 =*4771, 

and J ( 4771) =•0954. 

antilog K!)54 ■-1240 ; 

\\ 3* -1 ‘24(h t 

In this example wince (he d^mor 5 in greater thfin the first term 4 
in the mantissa, a cipher ia prefixed. Then by ordinary simple 
division we have 5 into 47 giv^s ft ; the remaining two figures 5 and 
4 are obtained in a similar manner. c 

£r. 4. Find the 4 ,h root of 0-007 or ('007)1. 

log •007 = 3-8451. 

*(3-8451)g 1(4 + 1-8451) 

— 1 *46127 
logi ooTi^T'im;). 

Corresponding to the mantissa 461 we find flic ant iIogarithm=2891 

DilF. col. for 3-= 2 

2893 

.*. the antilogarithm corresponding to the logarithm 14013 is 2893, 
Hence 1 (0 007)* =’2893. 

Ex. 5. Find the 7 th root and the 7"' power of 0 9306. 

log -9300 = 1-9688, t 

" log of 7 th root = } (7 f (i'9688) = 1 J 9053. 

Referring to table of antilogarithms, wV find 
t antilogarithm of 995=9886 

Diflf. col. for 5, 11 

1 antilogarithm of *9955 = 9897 

The characteristic I indicates that the nnmlier is less than unity, 
Hence 7 th root = -9897. 

v - Let x denote the 7 th power of 9306. 

Then J*=(0D306) 7 . 

, log X=7 log-9306 

- U i 9088=1-7816. 
antilog781 -6039 

Diff. col. for 6, 8 

mi 

x= *6047. 


Hence 
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• , 

‘ Ex. 6. A sqji are field has an area of 2 acres. What it the length 
,of a path diagonally across it ? • • 

•Let A BCD (Fig. 1) represent • 
the field.* AH the sides*heing 
equal, the length of each is 

* \/4846i2=>y<mS). 

, log 9^10=3*9839; 

log ^#80 = 1(3-9859) =^-9929. 
antilog 9929 w WffiT. 

Hence Alt- 98 37 yards. 

At ABC is a right-angled t.ri- 
1 angle,^tlie square on AC is equal 
to the sum of the squares on .-1 It 

aqd BC ; 

.-. AC-\A /> '. I1C- : , (<18-37)4 

2 log 98 -37= *-98.78 
log 2 = -3010 
2)428(18 
2-1434 

antilog 1134 - 1391 ; 

.". ,4 189-I yards. 



EXERCISES. V. 


1. " Fieri tho qphe root of -( 88 ) 00708 , 

2. Find ttortifth root of -0378(1. 

8. Find the cube root ill (i) 2727, (ii) -0876S. 

4, Find the square root of 233400 

5. Find the cube root of 8-^42. 

& Find the culw root of -0<N)0147. 


.Find the numerical values of the following : 


» (3-1416} 11 
*’ (21782)" 


10 42_»_(4»I8)J 
' ' aim - 



H (42^7)" 8 (-07(53 )'-■ 
1-147 x (194-3)C 


12. (32*16)*, 


UL (1) (2-07) 3 s (ii) (32-76)4 ; (iii) (-6944)4. 

14 , Find the fifth root of -04633. 


, ■ B 


It (10)4. 


• W 
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• • 

Find the numerical values of the follow ing : 

CowHr.)** 17 . v^oSoxS^sm? 

18. (2207)*. ' * 19. (yflO)' = x(1 -.->)= x(l t ;56P. • 


Rules of Logarithms. —(i) The until of the loi/arillniit of Into numbetg 
gives (In' logarithm of (he product of these numiys, * 

Let a and ft 1m* the numl^is 

[xit logo x and lo^~y; 

\ o*J0', ft-lO*. 


a\br 10 ***, 
or log 1( ,o/i :,rty 

log a i log ft. 


(ii) The logarithm of one u outlier subtracted from the. logarithm oj 
another tpreo the logarithm o f thy not u of winch is obtained by dividing 
the latter nninbi r by thi town r. 

As bcfote let a and ft he the two numheis. 


Let 


Hence 


log a - x and log ft-y; 
. «- 10*, ft- 10-". 

* 


it io» ‘ 


loft. 


- logo -log 4. 

C ° 

(iii) The logarithm of the power of a numlter in the product of the 
logarithm of the number by the index representing the /tower of the 
• number . 

Let loga=;r. 

Then a = 10*. 

£nd «" = (10*)"; 

log I „rt rt ^nj'~n log a. * 

The system of logarithms employed by the disooverfcr of logar¬ 
ithms, Napier, and called the Napierian or Hyperbolic system, is 
much used. The i>wse of this system is denoted by the symbol e, apd 
the number which is the sum of the series. ■' 

2 4* 4 ~*C—"4*,« 4 ...i 

2 2 x 3 2 a 3 x 4 

This 8U>n to tive figures is 27183, 



HYPERBOLIC LOGARITHMS. 


19 


Traaiformation of logarithm*.— A system of logarithm* calculated 
to a base a may fto transformed into another system in whilh the 
base i*6. • • 

Tlius Wt iV be a numbfe; its logarithm ui the first system we 
may denote x, and in the second system by //. 


• Then 


Or 

and • 


N--a*-b»\ 
.*. a*-l*; • 

» 

r. 6=o». 





x log,, A 


Hence, if the logarithm of any numlicr in the system in which the 
base is a lie multiplied by .--five obtain the logarithm of the 

number in the system in winch the base is h. 

The common logarithms, or, as they are iihii.iI!) called simply 
logarithms, have been calculated fiotn tin* Napierian logarithms. 
Let / and L be the logarithms of the same number m the common 
and Napierian systems respectively, then 


and 


^ 1'og.lO 

log„10 - 2 ‘30258.509, 

1 


2*302o§509 


•43429448. 


Hence, the common logarithm of a numlicr may be obtained 1# 
multiplying the Napierian logarithm of the same number by. 
•4343.... * 

To convert common into Napi> nan lo'jarithim tee. miUttfdy by 2 3028 
Instead of the more accurate number 2'302.58f>09. * 

Ex. 1. Fin«i the hyperliolic logarithm of 8*43. 

From Table III, p. 16.5, log 8 *43 = *9258; 

.. Io ge 8*43= *9258 / 2*3028 
=21317. 



90 


• WORKSHOP MATHEMATICS. 


MISCELLANEOUS EXERCISES., VI 
Find the value of* « 

1-9IB x-00271 


1. 


2 38*Xx 1071 


^0*25 x -6796 

L 21000 x 0182i' 


3. Explain how logarithms arc used for calculating products,* 
quotients, powers, and roots qf nmiiciicul quantities. 


4. Calculate I ho value oP2K."> 
r (2*05) 3 x2*24 


002 . ^8v(*OO0x 038)^ 

6. (‘Oof x (1-64)* 


9. Fiud the Milue of' 


10. Kind the fifth rootof 003463. 


•0041 

7, Find the square root <>M5. 

8. Write down the logarithms of 344000, oil, and -0000544. 
(24*76)? 

COOdo)'- 1 

11. Find a fourth proport lonul^o -0468, 7'63, and 762*9. 

12. Divide 14*3268 by 9. 

Find the numerical value of 

■dttimt 


13. 


/ -ii:wn\ t 

'• \‘0l7t»-V ‘ 


14. 


5 )‘ 


,'•0476)’ 

(3*005)** 


• /125 \ 

16. Find the value of N * ^ ' 

(*0043)5 

lfi. Find the fifth root of 14*32. 

17. Find the square root of 00048. 

•18. What is the value of . 

19* Find the value of ^ v *'* 7 when*a-33, 3rr]2, c = 13. 


20. Find the mine of ( ™ - ( —^5?) xi 

\ ( 0t UI tt)’ x (-312T> )•’ x / Id 

22. v / 4+r>i 


lO* - 


21 . 


(42«« (07«. r >l 11 ’ 


1 147 "m-Sxlll 3 ' 

23. Find the fourth projiortional to (1*027)*, (2*546)*, (31 *027)^ 

24. (i) Frove that log (3* \ 4 6 ) - 3 log 3 f 0 log 4; (ii) find the 
value of (*0874)* 

25. Multiply *076 by *0^07. and divide the product by *00001(1, 
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28. Find tly fifj|l root of '00374. 

27. Find a mean proportional to # 

• k'4 : W and V( -007*7? 

Find tin; vt^uo of 


’ » ($) ■ 


29. 


110-4) M 0375) 


* £72) ! x a':0HI7 
30. Find tho*|^otient in '00043 divitlod iiy (3-4276)^. 
Find the value of * 


i 


31. when a 1 »«lt, h -1 100 , and. 


•BOW. 


32. o’ :-5, when <*=12 43, h . •0074(1. 
S3, ax h~r-, when a --835*2, h - 3 (50, /■ 
34. Find the value of q 


- .'JO-57- 


25<>*f 

•04: 


’{{1-045)* 4 1}. 


36. Find tho value of r, when 10* --*2*45. 

calculate the value of y, when H'-100, I - 80,4>r - 2 - 55, jr = 3-142, 
rf = -25. 


37. Calculate ah .< cd, and ah ; cd, when 

W 0=31*12."), h- *3397, f =10500, <1= *000120. 

(ii) u? ! ta>, 5=1*1355, 5-355. 

(iii) *=1-265, 5 = '01021, <- = 2-283, <1 61 20. 


, 38. Calculate (i) x 5 1 : r # -; (ii) a} > h* * A ; 
when a= 15 0, h- -0045, r= -0(0)05. 

-38. Finil the vainc of 

a*6 S (*rf>r J (n 5) 1 , 

Ua=3-142, Ay" 718. 


«a b 


’///x C 

^ /.l ' 


(i) Calculate the value of V, when C = 232-4, 7) = 14000, 
and // = 18150. 

(H) When (7= 167 -3, D =2500, and 11 = 12980. 

(Id) When 0=258-0, 0=4720, //=1788. 
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Fin^J tlit' value* of # 

41. («) ;W42 x 5'2(18- i (A) O^X 1078 ; (c) 4*1364 [U.E.I.] 

, 271-8 >.0 01*1278 , m . ' 

^2- ('*) KH:t ('<) (118241)* (c) x/iS27. [U.E.I.] 

43. («) 1.71)7 x0864240112561 ; (/,) (I -02)«j (,•) ilL-fi- • 

W(1-’7C. , . [U.K.I.] 

44. \'4:r.-8 ; J4-H,W) a ; (H» 4 I • 2881 ) ;-| 2 <m| v."•|LC.U.] * 

48 0-7S.-.4 x (11 ■:)_*)• 784 ■ 27.1 »•. 

KMMi 7<>o.. :iiri ■ I’uC.U.] 

46. (7 - fi24) ss ; (.‘10.10) ,f , r"* ~2 , 0W. [N.U.T.] 

hHir '- 1 *>,'»-■^98-4,n-lA.x.,^2-05. . 

! " 1 1N.U.T.] 

48. If -\j 1 ' 1 ) 11 , lincl /^|„;S4 S, A = 3 .T 33 ,//= 1-40 

[N.U.T.] 

49. s.,I\|- (lion)' H -(liXlp 1 . 

50. Solve the rijiiutimei 1 

( 11 ) .1 21’ 11 |S'7 ; (/») 2 7IS 0 ^=02*56. 

61. K\alimtr V.l-MSS x ;M ij 21>. 


[N.U.T.] 


[U.E.I.] 

[L.C.U.J 


Summary. 

Inrojjition. - To raise a number to a Ki.en imwcr.fiultiiitr the loo 

tt&tr Li ^ 

.olV;', l01! - " f «'■•»>*>• by the index of the root 

ohKcrSir ■' ' f ,V eo ;* ssa 7' th *' adjustment in the 

cnar§ifcmtie). llie quotient is the untilog. of the root. 

e 1 ^i^51r U ' S, ' ritl i', na , which thc ^ i» denoted 
t>V, "Here e-2 ,182818..., are called Napierian logarithm*. 

Common logarithm. -Logamluns calculated t»» the ba,e' 10 are 
tailed eramnou logarithms. Common In/arMnu man be converted • 
into .\apiman or hypnbol\c by multiplying by 2-3026. Napierian 
ty-SSr-y 1,9 ™' lvtrt «l into common logarithms by multiplying 
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Slide Rule. It will ;ilr«*;ulv !>'• clear to tin* reader who has 
followed the section dealing with logarithms, that by their use 
the multiplication of two <»r more numbers is effected by adding 
the logarithms of the factors, and their division by the subtrac¬ 
tion of the logarithms of the factors. Or, shortly, by the use of 
logarithms multiplication is replaced by addition, and division 
by subtraction. 

Hence, if instead of the equal divisions of a scale (Fig. 2), 
unequal divisions corresponding to the logarithms were em¬ 
ployed, then, when performed graphically, multiplication will 
correspond to addition and division to subtiaction. 

It is i^cosymatter to add together two linear dimensions by 
means of an«vdinary wale or rule. 11ms, to add 2 amftl units 
together. Assume the s&ale li (Fig. 2) to slide along the edge 



Fig. 2. 


of the scale A, then the addition of the numbers 2 and 3 is raffle 
when the 2 on If is coincident with 0 on A ; the addition of the 
two numbers is found to be 5 opposite the number 3 on feh* 
wale A . 
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If the scales on A and 1$ a^je not divided 
in the projxirtion of the numbers, but of the 
logarithms* of the numbers, then with this 
system of graphic logarithms, by sliding one 
scale along the other in the nmtflier described^ 
addition would be performed, Wit, as the 
scales are logarithmic, the result wtuld corre¬ 
spond to the prodnf. of the njimbefti added. 

Similarly, tlm number Airaesponding to 
the difference would be a quotient. 

Constfuction of Slide Rule.— As already ( 
stated the object of the slide rule is tp per¬ 
form arit/imetical ralrufations in a simple 
manner. 

Tliere is a great saving of time and labour 
effected bv ^ts use, as it solves at sight all 
questions deluding on ratio. 

It consists of a fixed part or rule con¬ 
taining a groove in which a smaller rule"' 
slides. (. 

Reference to Pig. 3 shows that tho upper 
•part of the rule contains two scales exactly ' 
alike, while the lower part of the rule con¬ 
tains only one scale, its length l>eiqg double 
that of tho upper one. As fW upper part 
contains two scalosfit will lie convenient to 
refer to the division 1 in the centre of the 
rule, shown at A’ as the left-hand 1, the other 
to the right of if as the right-hand 1. 

There are two scales on the smaller rule 
or didi\ as we may call it, at B ; and at C 
one double the length. Hence, the scales on 
tho slide eorres|xmd to those on* the rule. 

It will lie convenient to refer to the four 
scales by the letters A, R, (7, Z>, as shown in 
Fig. 3. 

If an examination of a slide rule be made 
it will be found to consist of a fixed put, 
or finpie, a slide, sod, in addition, in,tiui : 





graduation of sude»rules. *' * su 

'r ' * '* f 

slide rule, there is also an additional movable frame or thin 
metal cursor,iiolfl in position on the fare of the rule by hiding 
m tws grooves. This is shown Both at A'/ml in the end view. 
Altlinugn it slides freelyuihmg the instrument, any shake which 
might otheitrise occur is prevented by a small Bteel spring 
placed at4ho upper part of the carrier. 

1 Him principle of action js the saiae in all slide rules, although 
the arradgeimuit of the Jnes dependsTipoii the purpose to. which 
the rule is tyl* applied. The nnshlied form of the slide rule, 
of the kind which we propose to explain, is one of the most 
;* ccul ' atB instruments of the kind that can !»■ obtained. Tile 
instrument, witli the exception of the cursor A’, is usually mado 
of boxwood or mahogany. The wood is faced with white 
material, the blarl, division lines showing more dearly on the 
xvhite background. 

Graduation of Slide Rule# In fig. 3 , which shows a 
slide rule, it will he seen that the distance apart of the 
divisions are by no means equal. The divisions and suMivisions 
are not equidistant as in an ordinary scale, but are logarithms 
of the numbers, and are set oil' from the li ft or commencing unit. 
In studying Indices we find, p. II 2 , that 

if 10 3 be multiplied by 10 * the result is*l(f 1 *' nr IO r . 

Freni the definition of a logarithm, 

^ 2 is the logarithm of loo, since 10 a ~l(KJ, 

Or,as 10 Aisji^o the power 2 gives loo, the logarithm oFKX) is 2. 

In a similar manner 10 be raised to a power '4771, we 
obtain the result 3; log 3--4771. 

p Also, since lO'® 10 ^ ; .-. log 2 ='3010. 

Hence '7781 is flic log of «•_ 

j^-10 53 =,0S - 

;6oal» m yy^=10™-*»=10«n. 

Or more simply, to divide (i by 2 . 

logd-log2 = 7781 - -3010 
-■4771 ; 

^•od '4771 is the log of 3. 

flencs 5-a 

2 
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( Simple oxereiqes similar to the above wiU lx^ found very 
useful as a first stoy, and such practice will enable the student 
to deal with the nupibers wifli certainty and ease. It*is an 
excellent exercise to make a slide rule, using two strips of card¬ 
board or thick paper. • 

Assuming any length, such as from 1 to /i, seale df to Ihi 10' 
inches long and to be divided into 10 parts* then th^ distance 
from I of any intermediatff windier fn|n i to 10 is liltide pro¬ 
portional to its logarithm ^ t , 

To find the position of the 2ml division, since log 2- '301, ‘301 
parts, or 3'0I inches from l,%vonld indicate its position. 

In like manner the 3rd dmsien would be -177 parts, or 4*7 
inches; the 1th, (502 1 tarts, or 6 02 inches; the 5th, 600 inches, etc. 

Denoting the distance of any division from point 1 by x, if/ 
denote the length of the scale from 1 to /;, and L the logarithm 
of the number indicating the dftision ie<pared, then 

When the upper seale .1 is set out, the scales /} and C on the 
slide and the scale /> may be similarly marked from it. 

'Hie excellence of any slide rule depends upon the skill with 
which these divisym lines have been constructed, so that they 
are as accurate as it is possible to make them, and in doaling 
with a carefully made slide rule we deal with the cfert of a 
considejjible amount of labour and thought wjjich h^ve been 
expended in its construction. •• 

Although a knowledge of logarithms is not essential before a 
sMde rule is used, any more than it is necessary that a man 
should he able to make a watch Indore he is allowed to use one, 
or that he should understand the nature of an electric current 
Indore using an electric hell, it is much better to clearly under¬ 
stand the principles underlying the construction of any 
instrument. 

• 

Multiplication. - In (Fig. 3) putting the units’ figure of the 
slide opposite the 2 on the fixed scale .1, we get registered the 
pi*>dueta of all the numbers on the slide and 2 above. Thus 
2x1 = 2, 2x2 = 4, 2x3=6, etc. The units’figure may denote 
1 , or 10 , or 100 , etc.; thus the product* may be read otf as 
8 X 10=20, 2x20=40, or 2 x 100 = 200, etc. 
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• 

Or we ma^ us^ the lower scale D of the rule and scale C of 
the slide. Always make 1 of the slide coincide with eittef of 
the fafctcjp on the scale, and thcf product tf'ill Ik; found on the 
scale-opposite to the other factor read on the slide. If the 
product carnet l>e found when the left-hand 1 is used, the right- 
iiand 1 mflst be employed. 

Facility in using the rule can ofilv }»o obtained by practice, 
and as soon ;i£ the priAiple is und&stood the so-called rules 
are not of nn*ch*use. # 

From any table of areas and circuinference of circles, examples 
for practice can la; obtained, or the Examples given on pp. 33 and 
41 m#y l>e used for the same purpose, so that it is not necessary 
to give such at this stage. • 

Ex. 1. Multiply 12*8 by 4 

Setting the 1 on the slide to l‘^t on the rule, then opposite 4 on 
slide is the number 51 '2. 

Ex. 2. The diameter of a circle is 2 5 inches, find its circum¬ 
ference (p. 30). 

Set 1 on slide against 2*5 on scale; then A opposite 3*14 (which ia 
marked on slide), is the circumference, 7 85 inches. 

Division, —fat the divisor on Ji under ijie dividend on A y 
and read the quotient on J over the index of H ; or, set the 
divisor on C over the dividend on />, and read the quotient on 
D nnitenthe twits’ figure of C. 

Ex. I. Divide 9 by 4.* 

Set the 4 on scale B opposite D on scale A ; then coincident with 
1 is the answer 2*125. • 

Ex. 2. Divide 9*5 by 2*5. • # 

Set 2*5 on scale C coincident with the division 9*5 on D, then 
coincident with 1 on C is the answer 3*8 on 1). 

• 

Ex. 3. The circumference of a circle is 29*53 inches, find the 
diameter. • 

Set 3*14 on slide opposite 29*53; coincident with 1, jre read 9*4, 
the answer required. 

Involution,— On inspection, the numbers on the upper sgale 
A are seen to be the squares of the numbers on the lower scale. 

To obtain the square of a fractional number some difficulty 
Would be experienced in noting the coincidence of divisions on A 
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and D, separated as they are by the slide, in 
this ease we can make use of the cursor, thus : 

"$et the eifrsor to coincide with t^e ‘given 
n unifier on the scale I), and, by its means, 
read off the square of the nutnlx# on scale A* ^ 
In this manner, the fourth, or any ev%n power, 
can be obtained. • 

Squall Root. I nlextractin" squltre roots 
the hIkjvc jms-oss is re veiled. • • 

The immljor, the root of which is required, 
is found <fn the scale A. and its root is, as 
liefore, found directly lielow. The cinwr 
enables the coincidence of the two divisions 4 
denoting the number and its toot to 1 m readily 
obtained. 

As shown on p. .30, the area of a circle is 
3-1410 x/* 2 , or -7 h:» 1 <Y“, where r is tho radius 
an<l </ the diameter of the given circle. Con¬ 
versely, if the area of a circle is given, the 
diameter can be obtained from : 

* -liamctop- \T“™. 

Ex. I. Find area of a circle 3" diameter. 

The mark on the cursor is set *> the on the , 
lower scale ; tho uppei^ mark ovef tho top scale , 
registers 9. Then moving tho slide to tho right 
until tho l coincides with the mark, we have 
coincident with 78.74 (whi<£i is marked on the 
scale) the required area 7'01 square inches. 

Ex. 2. Find area of a circle 2'5" diameter. 

The square of 2*5 is seen to be 6-25, and fhulti* 
plied by 'TSot the area is 4-9 square inches. 

Practice in Use of Slide Rule.—Practice 

in the use of the slide-rule is obtained by got- ; 
ting the powei-s and roots of various numbers, ' 
by determining areas of circles from given diar 
raoters, and conversely, diameters from given ' 
areas. The circumferences and diameters may, < 
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D6 treated in^like manner. All result* when obtained may be 

Verified by calculation, or from table#. • 1 * 

* To Obtain the cube a nu&ber.- Bylig the right-hand 1 ( 
,of scale C to the given nuinlwr on J). Then over the same 
number on tfte scale B read off the required cube on A. 

Instead*of the above plan the slide may lw inverted (Pig. 4), 
keeping the same face upwards. The Scale B will now move- 
along sc/fle 0^ Put in Coincidence dli the scales B and I) the 
two marks inducting the number the eulu* of which is requii-ed, 
then opposite the. right-hand 1 on the slide the culm w|uired 
will be found on scale .1. • 

CuJ>e Root.- As in the case of finding the cnlie of a number, 
two methods iuav Im used to obtain the cube root of a number. 

Firtt Method.-- Move the slide to the right or left until under 
the given culm on .1 is found on B a number identical with a 
number which ih*simultaneousl)%ouml on the D stale coincident 
with the 1 on scale (\ 

Second Method. - 'flu* inverted slide is used. 'Iliis is placed 
with the 1 of the slide coincident with the liumlier the eul )0 
root of which is required. Then find what numlier on the scale 
J) coincides with the same number on the inverted wale of B ; 
this number is the cube root inquired. • 

It will lie found advisable to obtain the cul»e roots of easy 
number^ l>efore proceeding to more difficult cases. 

Ex x 1. Fio^the culm root of 64. M ' 

Move the slide from ri^ht to left, and it w ill bo found that 4 on 
scale B coincides with 64 on scale .1, simultaneously with 4 on D 
aud 1 on C. Ifence 4 is the culm root required. s 

Invert the slide, keeping the same face upjtermosi. Set l^n C t 
inverted to 64 on scale A, the division on B which coincides with D 
la 4. Hence 4 is the culm root. 


EXERCISES. VII. 

1, Find the areas of circles the iliarneters of which are 2, 3, 4, 6, 
Hn 4"2, and 6^2 inches respectively. • 

SL Fiud the area of an air-pump bucket If its area is [ that of A* 
cylinder of 63 inches diameter. # 

... 3. Find the diameter of a cylinder, the area l»eing 20 square Inclioc^l 
>, « 4L Write down the square and culte roots of the numbers 1 
M induaive. 



SECTION 1 *11.- M ENfhjKATpj 


CHAPTER V. 

* Cl ROHM FKR KN( 1 K OF A CIRCLE AND AN ELLIPSE. 

LENGTH (>F A CIRCULAR ARC. 

f 

In Part I. of this course <>f work a portion of the subject of 
the mensuration of plane figures has l>een considered, and, in 
continuation, we may with advantage deal with the mensuration 
of certain plane figures in which the periphery consists of curved 
instead of straight lines. 

Circumference «of a Circle. —The number of times that the, 
length of the circumference of a circle contains the length of the 
diameter of a circle cannot be expressed exactly, but it is very 
nearly *4*1411)9205. The number 3*1410 is used <’or convenience 
and is sufficiently exact for nearly alDpurposes. ‘^This number 
is denoted by the Greek letter ir. 

* An approximate value of r, sufficiently exact for all practical 

purflpses, ami very convenient when four-figure logarithms are 
used, is 31 or 3142. Thus, v =3* 14159265 within per 

cegt. 

That the length of the circumference of a circle is mi or2jrr 
where d is the length of the diameter and r the radius, may be 
shown in several wavs. Two simple experimental methods will 
be sufficient in this place. 

1 . By rolling a disc of metal or wood on any convenient scale,*/ 
Make a mark on the circumference of the disc. Put the mark 
Coincident with a scale division. Slowly roll the disc along the 
scale until the mark is again coincident with the scale, and note 
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carefully the distance in scale divisions moved through. then 
by applying the^cale to the disc obtain the diameter. • • * 

. Simple division will then sho# that the length of the circum¬ 
ference ffs 3} times thatftf the diameter. 

2. Or, trr%/> a pinr of thin jmijhv round the di*c y and mark, 

• by two joints, the line along which the edges overlap; unroll 
the pape^, and its length when measured will be found to be 3} 
times tlfit of the diameier. • 

• w 

Length of 8? Circular Arc.— L^t ABC (Fig. 0) be a circular 



Ktff. 5.—Length of a circular arc. 

arc, it iff rajifftad to find the centre of the circle of which ABC 
is a portion. • 

With A and B us centres and any convenient radius, describe 
intersecting arcs as shown; a line drawn through the inter¬ 
sections also passes through the centre of the circle of^vhich 
AffC is a portion. The point of intersection 0 of the two lines 
obtained in this manner is the centre of the circle required. * 

Join 0 to A and C. Let the length of the radius be denoted - 
by r, and tire angle AOC by 6. 

Then the measure in radians* of the angle 0~ • ; 

.'. arc AC—rd. 

Thus, when 6 and the radius of the circle are known the \ 
length of the arc can be calculated. 

* 8** Part I., p, 103; also Table I., p. MS. 
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,• It the angle is given in degrees, then as the number of degrees ,v 
a circle is 3«0, the length of the arc will have the same ratio V 
the circumfeience<pf the circle as the number of degrees in 
; the angle has to MO degrees. 

If N denote the number of degrees in the given $ngle, then 

length of arc .V 

'Ijcr MO 1 # r , ( 

.V ^ f 

length o| arc - ^ x k 2irr. l ' 

Ex. 1. What is the length*)! - an are subtending an angle of 45' 
ip a circle of 4 ft. radius ? , 

Length of arc - x 2v x 4 -- ir ft. 

-.-S-hflt) ft. 

R&nkme’s Approximation. By methods due to the late 
Prof. Hankine it iH jmssiblo to net of a line .1 T (Pig. 6) equal in 
length to a given circular arc All. 
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Obtain the centre C as doseriltfd on p. 31. Join A tot?, and', 
at A draw A T touching the arc and perpendicular to AC> then 
« AT is a tangent to the arc at A. 

^ Divide the are .i II into four equal parts as shown. ^ ith the 
distance from A to the division 1 as radius, and with centre A, 
dwcribe an arc cutting the tangent at It. With centre /?, radio® 
'■J* describe a second arc cutting the tangent at T. Then • 

A T- arc.A 11 (approximately). 
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• * 

The angle subtended at the centre by the arc BA should not 
exceed 90°. ^Tie # error introduced consists in the line Ixlfng a 
little shorter than the corrospondtng arc; ^?o ahiount. of ditFer- 
ence is aBout 1 in 000 foi\n are which subtends an angle of 60°. 

Ellipse. -ft is only possible to obtain a rough approximation 
*to the lerffcth of the circumference, or jM'iimeter, of an ellipse. 

* Perhaps tie best rule is • * ^ 

Cengt^of eiieinffe.ience of an ellipse =(o + b) r, 
where a denoted the semi-major a.^s OA, or OX (Fig. 7), aud 

B . 


B' 

Fro. r.-Ellipse. • 

b denotes the semi-minor axis OB or OBI. (>r, 

The rimnnf^ncr. of an elliptic in half the gum of the tnajfir and 
minor axe* multiplied Up g. 

• Ex. 1. The major axis of an ellipse is 16 inches, the minor axis 
*• 10 inches : find the circumference. 

Here a- 8, h-b, and a 4 h -13 ; 

circumference = 13 x r =40*84 inches* 

EXERCISES. VIII. 

L The circumference of a circle is 144*513 ioches; find the 
diameter. , # 

> 2. The diameter of a circle is 48*25 inches; find the circura- 

ference. • 

3. The wheels of a locomotive are 2 ft. 0 in. apart, what is the 
difference of the lengths of the paths of the wheels when the inner 
jrhed is describing a circle 100 yanla radius? 

! .< w.v. nr. , c 
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• ' * . . , , ^ 

t The earth's equatorial and polar axes being 7926 and 7898 
imlenreapectively, wiiat is the meridional eircumiereHfce of the eartht 

*-V. l’£ t — 

if J:, T, ' C of U wheel is 20 feet; how mat* turns wilt 

it make m rolling over 100 miles T Kind the diameter J thewhiff 

will 1,. IT ' S iT 1 ’ 1 *' 1 1*' a rollcr 1 i f ( diameter ; how“e„»„y coils 

^ 0 ihato h f O thr“S 0f a hoSfia.^ 

SS,* the WhX^».&S St dMI 

£v : “S" X.vrsit ttKsjswc 
-ttrasr.:;: saxa? » 

14. rho circumferences of two wheels «liffV*r W n j 

turns us often in going 0 furlongs us thi .V . I • y a - foo A and 003 
find th. diameter of earl, wheel fc ln ??“'«I fl,rlo,, 8» * 

* lAm^tlir.tw!*“™ 8e have'circnmferencea 
InclL “ Ur ' J " l " fum " ° of “ Vllipse, -its axes being 16 and 1£ 

required toVidi !lm Mt mf'the mil" m ““ y ,, W , ils , of ro P° WiU'bil 

a 8 11 inches in 

18. If the outer diameter of a apiral spring is 2j&oh« and'thil 

'&££*£ J t t» hat the lc "« th of wire in «» iS 

£ * teitKt 9M«” d the ^ 
|LXZm&?»: r irck - Wh “ l wonld * «■*«r 
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v ^ ^ wuuihoio 

- m y; ? W 2 ft ' 6 '» respectively ; find its periplitry. 
tSid^fe« n «T 8 of “ oval d " >r ar “ 12 :*<> # iucl ‘0*! whst i, 

|°S, ""' face nt an oval cylinder, the diameter* 
r®* 0 *! 34 and 30 inches respedivcly, and the height 12 inches 

• «$ ’• a "° “ f 8 ** <* 

curve J/'hfe^Ldhd """* * ™‘ fl Vm * '* '*»* 10 « * 

28. The radius of a circle is 10 inches, and the angle suhteudod hv 
an arc at the centre is i2 ; find the length of the are. ^ 

JSL?fc di * moto / ,'i a , •' ««* l'»k» ; * hat is the number of 

radUMM in an arc of 120 links v 

27. Find the length of that part of a ciroular railwav-curve 
which subtends an angle of 22}' to a radius of a mile. 

a What is the earth’s diameto* if (lie length of a degree of tho 
earth s meridian be.60-1 miles? ' 

W | mt “ the length of a circular arc subtending an angle of 

17 18 when the radiSs of the circle is 15 inches! 

8(h A circle is 10 ft. in diameter ; how many degrees are there in 
an arc of it 16 ft. long? 

i " ^ u< j .^ e distance in miles lietwcen any two places on the 
equator which differ in longitude by 6° 18', awflimmg the earth’s 
equatorial diameter to Iw 79*26 miles. 

‘ ??- .Two places on the earth's equator are .300 miles apart; what 
w their dfffbrenAl in longitudo ? 

Si 'A pendulum swings through an angle of 30'; I he end describe* 
•n am of Uhj'f inches; find the length of the |iendu!nm. 


Sdmnary. 

^jpjratmfcruio* of a circle-*- * (diameter)=2» (radius) whore r 
d*nOte»8'H16 or 3'142--approximately. O 

«*«■•»•*» <1W». -Tlie length of an are of a circle of 
Miturisrf; or ^ x 2vr where B is the radian measure and S' 

number of degrees in the angle subtended by the arc at the 
Mttfeof the circle. 

ffceUUtfSreno* Of an ellipse.—The cireumference of an ellipse Is 
PSBXjmaMy r (a + b) where 2a and % denote tbs major and minor 



CHAPTER VI. 


AREA OF A CIRCLE Afrt) ELLIPSE. AREA OF A SECTOR 
OF A CIRCLE. AREA OK AN ANNULUS. • 

Area of a Circle.—If a regular polygon l>e inscribed in a 
circle, a series of triangles aiy formed by joining the angular 
points of the polygon to the centre of the circle. 

The area of each little triangle is one-half the product of ita 
base and the perpendicular let fall from the^centre of the circle 
on the base of the triangle. 

The length of the base may be denoted by a ; the length of 
the perpendicular by p ; and the radius of the circle by r. The 
area of the polygon will l>o +« + ..,) or kp~a. The 
symbol 2), which denotes "the sum of,” is very convenient, and 
the form simply means the product of A/>^ind.^\e sum of 
all the terms each of which is represented by thaJetter a. 

As tlie number of sides in the polygon is increased, its area 
Joecomos nearer and nearer that of the circle, and when the 
number of aides is indefinitely increased, tlvp perimeter (or sum 
of fhe sides) of the polygon becomes equal to the circumference 
of the circle - 2irr; the perpendicular referred to above also 
Incomes the radius of the circle. • 

Hence the area of a circle=i (2ir r xr)~ irr*. 

By dividing a circle into a large number of sectors, the bases 
may be ittede to differ as little as possible from straight lines. 

« Bach of the sectors forming the lower half of the circumference 
c#uld be placed, along a horizontal line AD (Fig. 8). Ay. 

• corresponding number of sectors from the upper half of the ' 

* circumference could bo placed along the upper line Cl\ com*’ 

^pleting the parallelogram The length of the base AD' 
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will then be half Jhe length of the circumference of the gjrcle 
and the height of the parallelogram jh equal V the radius of the 
circle, r. # % t 

* Area of parallelogram - AH x r - /• x nr - nr 2 . 



If a thin circular disc of w<*k 1 be divided into narrow sectors, 
and a atrip of tajrx: glued to Aic ciicumfei-ence ; then, when*the 
tape is straightened the sectors will stand iijmui it as a series of 
triangles. By cutting the tape in halves the two portions mfy 
bo fitted together as in Fig. 8. 

Experimental Method.— A good experimental method where 
a balance is available is to draw two circles on it sheet of 
cardboard and to circumscribe one of the circles by a square 
A BCD as Bhown in Fig. 9. By drawing two lines at right 
angles and passing through the centre of the circle, the square 
is fimded into four equal squares, the length of a side of each 
of fche squares being r. 
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M*ke EM*-\ of ED. 

Draw MN parallel to AD. f 



Frb. ft—Area of n circle experimentally. 

Then tin* area of the shaded figure = !Vlr 2 . Cut out ft circle?, 
and also the shaded |*>rtion. If this lie done with care the?;' 
weights of the two will bo found to bo the same. |' 

Usin£ R&nkinVs Approximation.—As tho area of a circles 
can be expressed in the form irr x r, i.e. half tic circumference ojt- 
a circle multi[>tit'd /»// the radius, we can use the approximation'” 
due to Itankine to obtain the area of a circle gra^Jjicafiy. 



Pick 10.—Are* of a cirri® obtAin®d graphically. 


Thus, as shown in Fig. 10, make A C= quadrant AB (p. 33). 
Produce AC to D, making CD*. AC. 

Then AD^irr. 




, area ov a Sector . sJ 

v Complete the rectangle ADFE making its adjacent sideg AD * 
&od DF equal to irr and r leapectjydy. , 

>' Then, of the circled* equal to the area of the rectangle 

‘ ’ • .. ADFE*sirr xjrr 3 . 


' i, If d denote the diameter of a circle, then as rf*2r, 

l * .. **<)'¥■ 

• • 

« v In many cases it is convenient to use instead of its 
.^equivalent irr 2 . • 4 


Ex. 1. If the diameter of 
a piston is 30 inches (Fig. 
II), find the total pressing 
On the piston. Pressure of 
Steam-100 lbs. per sq. in. 

Area=J x 30 s = 706 *HI> sq. i ii . 

total pressure on piston 
»100 x 706-86 = 70086 lbs. 



Fio 11 ~l .*tr»n and pluton rod. 


Ex. 2. The diameter of the safety-valve in a lwnler is 3 inches; 
find the total pressure tending to raise the valve when the pressure 
of th» stouji is^20 lbs. per sq. in. 

r Area of vaHe=^x3 9 -7 , 07 sq. in. y 

i * 

total pressure = 7’07 x 120 =848 4 ll«. • ' 


i, Area of Sector of a Circle. - - To find M" amt of the scrtoP A K , 
(Fig. 12) the angle ti being known. 

the whole circle consists of 360 
■ degrees, or 2i r radians, the area of the 
^ptotf will be the same fractional part 
Jfif !&• whole area tliat the angle $ is of 
cMft or of 2 it. 

^^noting the angle in degrees by .V, 

ISsifr* ol WctOT-^jrr'-^rr 5 ^^. 
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fax j. 1. Find the area of the sector of a circle gon twining an angle 
of 42 , the radius of the circle being 15 feet; 

» area of circle lf > ? ; # 

area of sector = ; Vo * 15- 82’47 square f|pt. 


Ex. 2. The length of the diameter of a circle is 25 f&t, find tUc 
area of a sector in the circle, the length of the arc being ^3‘09 feet. • 
The area of the sector wtll be the sum! fraction of the %’hole area 
that 13'O0 is of the oiicmnfemiec ; « , 


1:4-00 7 T 
25 \ ir 4 



- HI SI square feet. 

« 

Area of an Annulus. Mf R 

(Fig. 13) denote the radius of 
the outer- circle, and r the radius 
tof the inner ; the area of the 
annulus is the difference of the 
two a leas ; 

— ir/!- - rr 2 

{*-,*)^(R+r)(R-r); 
multiply the. mini anil differ- 
t‘iir>' nf thu tire radii by 3f to 
obtain the area of an annulus. 


Ex. 1. Calculate the effective pressure on a ffstofl*30 inches 
diameter (Fig. 14); the diameter of piston rod-(i mches; and the 
pressure of steam =1(50 lbs. per 


. i H 



sq. m. 

•Area on one side of the piston 
7 (:5*>) 2 --1017-9, 

4 

total pressure 

= 1017-3*100; 

area of tho other side 

=J(.KP-8V98A-83; 


total pressure = 080 63 x 160, 

or the difference in the total pressures on the two side® of the 
piston is 100 \ 1017‘9-989 (53)=4523 2 lbs. 



AREA OF AN ELLIPSE. 
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Area of a% EUipse.— Denoting tha two axes A A and BB of 
an ellipse (Fig. 15) by 2« and 2 5, it is easy to illustrate by tiding 
an experimental method^similarXo that adopted in finding the 
area of a circle that the arm of an etlipse—ir x. a x b. 

# Draw on atlicet of cardboard two ellipses, the axes of which 
are 2<t anfl 25, circumscribe one of them by a rectangle, and 

' draw tlie#two axes Jdand Illf. *Make BM-* f///>, and draw 
MS parafiel U^EJ). * • 

The area ofrwMi of the three rectangles is a >. 5, and as BMNO 
is W>, the area of the shaded portion is ’.Mab, 

# If this area be cut out careful!and plans! in one pan of a 
balance, while an ellipse of the same si/.e, and cut out of the 
same material, be placed in the other pan, the two will bo found 
to balance. 



F»o. 15.—Area of an ellipse obtained experimentally. 


Another method of obtaiiyng the area of an ellijwe is to draw 
the ellipse on squared paper. Count the enclosed squares^ also 
estimate as accurately as possible, as shown on p 14, the total 
area df the squares partially cut by the profile of the tigifre. 
By adding the two together, the area can !>e found. 

EXERCISES. IX. 

1. What Is the diameter of a circular valve containing 227 square 

Inches ? * 

2. Find the diameter of a circle coutaining 20 square inches. 

& The area of a piston is 4536 square inches; find the diameter, 
of the piston-rod, which is J that of the piston. 
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4. Find the area of the" rubbing-nurfnco in a steaip-cylinder 91$ 
inchesln diameter, the stroke of the piston lieingti ft. 8 in. 

5. A circular plot'of land contains 6 ac. 1 r. 38 p. 16$ yds.; what 

isits diameter? * * * . * 

6. Find the diameter «f a circle when the area in square inches 

is (i) 7, (ii) •00001*26, (iii) *0003142, (iv) -0314. . . 

7. Find the area of a circle when its diameter in inches is (i) ‘064, 

(U) 109, (iii) 3 3. # * . . » 

8. A pond 25 ft. diameter is surrounded by a pfth 5 ft. wide; 
find the cost of making the pa^li at Is. lid. per sqiffiroyard. 

9. The perimeter of a circle is the same as that of a triangle, the 
sides of which are 13, 11, and45 ft.; find the area of the circle. !,* 

10. If the two perpendicular sides of a right-angled triangle are < 

70 and 08 ft. respectively, find the area of a circle described on the 
hypothenusc as a diameter. ) 

11. The tw*o sides of a room are 25} ft. and 14i ft. in length ^ 
respectively^ at one end a semicircular bow is made, the radius.; 
being 10$ ft.; find the area of the room including the bow. 

12. A circle is described thtough tho angular points of a square of ^ 

6 ft, side ; find the area of the portions enclosed between the circle 
and the sides of the square. & 

13. The centres of two circles which intersect are 12 ft. apart 

the radius of one circle is 1) ft., that of the other 8 ft; find the area A 
of the part which i^comnmn to both circles. | 

14. A circular pond has an area of l!)63f> square yards ; find the.* 

coat of fencing it round at 3s. 6d. per yard. JJ 

j 16. The diameter of the high-pressure cylinder o^_ Q n ^ugine is 36' 'f. 

inches, that of the low-pressure cylinder is 70 inches^, findthe ratio i 
of the areas of the two cylinders. •' ^ 

16, A Sector contaius 42°, the radius of the circle is 16 ft.; find;; 
the area of the sector. 


17# The length of the arc of a sector of a gi\en circle is 16 ft., and 
the angle $ of a right angle ; find the area of the Bector. Find also 
‘ the length of the arc subtending the same angle in a circle whose *- 
' radius is four times that of the given circle. « ■' • < 

is, The diameter of a circle is 5 ft ; find ths area of a sector^ 
? wfah contains 18°. . .pi 

. 19 . Findttho area of the sector of the eml of a boiler supported 
a gusset-stay, the radius of the boiler being 42 inches, length of £jrd& 
25 inches. -• 

/ So. A sector of a circle contains 270*; find its area whoa i 
radius of the cirolo is 25 ft. 

2L JThe radius of a circle is 8 ft.; find the area of a sector of 
drole,the angle of which 36*. * ’" ' ' 



EAEKUItjKS AND SUMMARY, 4J 

Find tfce yidius of a circle well that the area of a sector 
corresponding to an angle of 90° may bo 181 -16 sq. ft. • • * 

23. Find the area of the amiulns # enclofw*d l>etweou two circles, the 
outer 9 inches and the inirer 8 inches diameter. 

24, The iiftier and outer diameters of an annulus are 9$ and 10 

• Inches respectively ; find the area of the annulus. 

26. The area of a piston is 5944*7 square inches; what is the 

, diamete^f the air-pumfl| which is onedialf that of the piston? 

' 28. The diameters of tiie piston and air-pump of an engine are m 
2 ; 1 *2 ; find the Ammeter of the aii pump when the area of the piston . 
is 1134*1 square inches. , j, 

27. What is the area of an ellintieal plot of ground, the greater 
and lesser diameters being 200 and 150 feet respectively? 

28? The major axis of an ellipse is 00 yds., the minor axis 40yds, f 
find its periphery and area 

29. What is the circumference and area of an ellipse when the 
major and minor axes are 10 a»dJ2 ft. respecti\ ely ? 

30. Find the area of an ellipse when the two uxos are 70 ft. and 
50 ft. 

31. The greater and lesser diameters of an oval man hole door are 
24 and 18 inches respectively ; what is its area ? 

• ‘ 32. A rectangular pond, 84 ft. long, 00 ft. wide, was lengthened 

bv a semicircular extension at one end. Wli.it was then the area 
of the water surface ? [L.C.U.}, / 

83. If the angle at the centre of a ciiole of 3 0 in. radius is 07°. 
what is the length of the arc ? [L.C.U. J 


Summary. 

Area of a Circle zzvr t =jd 2 1 p hero r and d denote the radius and / 
diameter respectively. • ' v 

Area Of Sector of a Circle ss-r®, where 0 is the angle in Adians , 
subtended at the centre. 

? .'"'Are* Of an Annulus =s r ( /.^ - r 2 ), or, to find its area subtract the 
eqnare of the smaller radius from the square of the greater and 
• multiply the difference bv r. ^ 
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AREAS OF IRREGULAR VKJURKS TRAPEZOIDAL AND 
SIMPSON’S RULES. PLANT METERS. CENTRE* OF 
(SUAVITY. 

Areas obtained by the Use of Squared Paper.—' The areas 
of irregular figures may be estimated l»y drawing the figures on 
squared paper, and counting the squat cs enclosed by the pori- 
phery of the figure. 

As nil introduction to this method it may be advisable t*> 
cotiuuenee with such simple regular geometrical figures as the 
rectangle, parallcltj^ram, etc. (Fig. 1(5). 



Fro 16.—I’anillolognun** on wjiuil b ihc.« und between the same parallel* 
Wre , 


When any figure is drawn upon squared pajier there will 
usually be* a numlw of eomplete squares enclosed by the 
1 periphery, and a number of squares cut by it. This is evident' 
from Fig. 17, where, the periphery ACB cuts a number of 
Squares and also encloses a numlmr of complete squares. To, 
estimate the value of any square cut by the profile or periphery 
of the figure, it is convenient to neglect any square which is 




AREA OF AN IRREGULAR FIGURE, \S < 

obviously le%* tjjan one-half, and to reckon as a whole |quare , 
any one cut which is equal to, oi^ greater thjjrn, one-half. 





Fro. 17.—Area of an Irrcifulnr figure. 

One defect of this method of estimating areas is that large 
errors are likely to omir when^oitions of the ]x‘riphory of the 
figure are nearly pui-allel to the lines of ruling. r Jlii« may 
readily be seen by drawing paiallelograms, or any simple 
geometrical figures, the bases of the figures making different 
angles with the lines, and comparing the results so obtained. 

When the periphery of an irregular figure AH('l)EF(Y ig. 18) 
consists of a series of straight lines the area y lx? obtained by 
dividing the figure into a 
number of triangles, and 
the arentf «ch triangle 
may'be obtained se|jqj- 
ately. The sum of the 
areas of all the triangles 
into which the figure has 
been divided will give 
the area of the irregular 
figure. 

When the ordinates of 
an irregular figure, in 
frhich one or more of the 
boundaries may consist of 
curved lines, are given it 
would be necessary in the graphical method just described 
- either to set out the ordinates on squared paper or to drew* 
these to tome convenient scale, joining tfye extremities of the. 





t ordl "J te * h y an approximate curved line. In # thig prootoi" 
errors are likely to # be introduced. Hence, several methods of . f 
finding the area of irregular figur^ which depend only 
calculation arc used. Of these we may notice three in # cormnou 
two. The one known ax (Simpmi'i i /tule is the most*occurate. 

Area of an Irregular Figure. —A common method of estlm-" 
atrng the area of an irregular figure, jiueh as QFEI^ Fig. 19, 



in which one of the boundaries is a curved line, is to divide 
tile base W/’into a number of equal jiarts, and at the centre of 
each of the equal parts to erect ordinates us shown. The length’ 
of each ordinate, m „, w , „, etc., from the lia.se OF to the point 
where tho vorticaltuts the curve, is carefully measured, and all 
these ordinates are added together. Tho sum so obtained, 
.divided by the mlmber of ordinates, gives approximately the 
mean height, A, or mean ordinate, <1S. * 

A convenient method of adding the ni-dinates is to mark them 
on a slip of paper, adding one to the end of the other until the 
total length ia obtained. 

|.The litres of approximation depends upon the number of. 
ordinates taken. The approximation more closely approaches 
th® actual value the gi’cater the number of ordinates used., j 
The product of tho mean ordinate and the base is the area-.- 
Required. For comparatively small diagrams, such as an indi^ 
/satar diagram (Fig. 20), ten strips are usually taken. Thin? 
number is sufficiently large to give a fair average, and, moreover,^ 
dividing by 10 can be* effected by merely shifting the decimalJ 

^jThe length of OF, Fig. 20, may correspond on a reduced ewia£ 
*? the travel of the pistpn In a cylinder, and the m dto* - * ’ 
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5 Wi CB^T* feyeaenu, to a known male, the pressure "|>er sonars 

;' ■ of the 8teftra >“ cylinder at the various points of the 

' .stroke. • * 



v , Hence, the mean height tV,\ indicates the moan pressure P 
of the steam, in pounds per sip inch, throughout the stroke' 
.(the stroke being the term applied to the distance moved through 
l, y the piston in moving from its extreme position at one end 
I °t the cylinder to a corresponding position at tlie other end), 
y If d denote the area of the piston in sipiaro inches, then the 
■ total fornmwted by the steam on the piston is /‘x A, and the 
work done bfthis force jn acting througii a length of stroke A, 
kPKdxh If .t denote the iiuiuIkt of strokes per minute,* 1 
^Sb* Work done per minute by the steam-; /'.I/,,V, ■ ,s 

V; ;But the unit of power used bv engineers, and called a Hone- '' 
ifewer, is 33000 ft. Ibs. per minute. * 

|,E(^pe, Horse-power of the engine «- f - x - • 

_ In Fig. 20 the indicator card of an engine is shown t tbo 
f of the piston is 23jr inches, length of stroke.S ft.,'id4 
ndgdons 100 per minute; find the mean pressure of the steam, 
WAh« horse-power of the engine. . . 

■yg.together the ten orilinates shown by dotted lines, we hud! 

#+W'0+72-4+04-8 + 53 1 8 + 44-4 + 38'0+S4-8+31 '4 + 23-0 

=502. 
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Aa |here are 10 ordinates, 
meafl pressure 

-50*2 llw. per sq. inch. 
Area of piston =420 sq. inches; 

Number of strokes per minut^=200. 

502 \ » vfriO X 200 


Hor 


iso-power - 


The Trapezoidal Rule is another method to obtain the mean 
ordinate h , having divided tfio base into a number of equal parts, 
say 6 (Fig. 21), then : 0 ' * 


h “ jji l t+■ b : ) + h l +//.,+/'j 4- h & +//„}. 

Divide, the base into any ttunjwr o f equal jmrts; add half the 
tvm of the end ordinate* to the sum of all the others. Multiply 
the result by the common, interval s to obtain the area: divide by 
the number of spaces into which the figure is divided to obtain the 
mean ordinate. 

Mean ordinate x length — area of figure. 

It will be foun<l very instructive to calculate by means of this 
rule the arena in the, following examples, and compare the 
results obtained with the; more accurate values as found by the 
application of Sun|>son’s rule. o 

Simpson's Rule. —By means of what is called Simjwon’s rule, 



the area of an ii-regular figure UFKD (Fig. 21) can be a*»*^ 
tained more accurately than by the trapezoidal method. ’ 

. .* * 


TRAPEZOIDAL RULE* ^*9 

The base <7^is divided into an even number of equal parti. 
Ibis ensures that the numl>er of ^rdinates i§ an odd minuter, 
3, 5, 7, 9, |£c. In Fig. 21 ^he base OF is divided into 6 equal 
parts, and the plumber of ordinates is therefore 7. 

* Denoting, as before, the lengths of the ordinates Of), pm , nr, 
etc., by h^fi^k s .../t 7 ; then, if s denotes the common distance 
or space between the ordi^ites, we hUve 

Area of O'J’XD ^-{h, f/, f + 4(/, 2 ^/ () +/i„)+ 2(^+/, s )[ 

• ■' =|(,i+ 471+2(7) * 

wheM A denotes the sum of the first and last ordinates. 

*» & » „ even ordinates. 

» C » „ t^d ordinates. 

»'• Add together the extreme ordinates,four times the hum of the 
wen ordinates , and twice the, sum of the odd <yniinat.es (omitting 
the first and the last). Mufti pig the result hg one-third the 
common interval between two cimsecutive ordinates. 


A 

9: 

k! 

rr 

*; 

*> 

“o: 

• 

v \ 






'o; [\ 


Pin. 22. 


. The end ordinatea at (J amf F may ls»th be zero, the curve 
ommencing fi-om the line 0F (Fig. 22). in this case A is zero, 
the«forraul& for the area becomes $ 




'(0 + 471 + 2(7). 


* 

using the given values in Fig. 22, where the length ol 
Wardinatee are expressed in feet, we have 

^ area=|{0+4(9-0+10-l+6-8)+2(9-7+8-8)} 

O 
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certain cases the given figure may b$i bounded by two 
curved lines DO ^.nd EN y qftd tlio two straight lines DE, EG 
(Fig. 23). The ordinates would thei^correspoud to »pn, rq, etc. 
If the two curved lioundarics are symmetrical about a lino AD, 
it is only necessary to give the half-ordinates pm, n y etc., and 



Fio. 28. 


each of these ordinates may bo doubled. Or, by substituting 
the values of the half-ordinates in .Simpson’s rule, half the area 
is obtained, and this, when doubled, is the areuj^qjjjj-ed. 

So far in applying Simpsons rule it has beau assumed that 
the ordinates dixide the base into equal spaces. When this is 
•not the case the figure may be drawn to scale, and ordinates at 
equal distances drawn ; the lengths of these ordinates can be 
mdtmired, and the area obtained fiy Simpson’s rule. 

, Ex. 2. The half ordinates of two curved lines GD, EF (Fig. 23), 
the common interval liciug 1*5 feet, arc as follows : 2 3, 2*36, 2 46, 
2'67, 2 42, 2 21, 2'10. Find tlio aroa. 

, Extreme ordinates 2’3 +2 , 10=4*4. 

Remaining odd ordinates, 2 46 + 2*42=4 88. 

Even ordinates 2 35 + 2'57 4 2*21 —7'13. 

Are»=~-(4-4 + 4 x 713 + 2* 4'88) = 2f -34 square feet. 

Hence, area of DEFG a:2 x 21*34=42*68 square feet. 












SIMPSON’S RULE, i 

When the aiya is not symmetrical about a line ; parallel Jjnes 
such as FO and t!D (Fig. 24) 
are drawn touching the ogrve, 
and G'D, FF are also drawn 
perpendicular*to the former 
and touching the curve. 

As befotf*, the base G^' is 
divided mw a number of equal 
parts and the ordinates of the 
curve measured; from those 
values, proceeding as before, 
flio arej) can be obtained. 

Ex. 8. The ordinates of a curve (Fig. 24) aie in feet, 4' 8 , 6*5, 
70, 7*7, 7*5, 7*8, 7'C, 72, .>’5, 3 0, respectively mid the common 
interval is 2 feet. Find the are*(a) by common *ule, (/<) by 
trapezoidal rule. 

(a) The sum of the ordinates =- 04 0, as there are 10 ordinates, and 
base OF-20 ft. 

An»=^x 20 =iat- 2 !«| ft 

[h) If ordinates dividing the ha>>e into equal parts aie drawn, 
their sum is found to be 84*8; ..the area -04 S - 2 120*0 wj. ft. 

Ex. 4. A force Pacts along a line A E ; the values of the force at 
A and at polHUilH 6 , 9, and 12 from .1 aie rr>pc< lively 50. 35, 2S, 2."), 
and 24 lbs. Prtfft a diagra*n of the wotk 'lone by the foice and 
calculate its amount in foot-pounds. 

In Fig. 25 at the points along AE ordinates (equal to the rcsj»ec* # 
tive values of F at those jx>intp) are drawn as shown. If a fairly 
even curve FG l>e drawn through the points so obtained, the area 
A FOE represents work done. 

If we add all the ordinates together the sum is 182; dividing thiJ 
by 5, the numlier of ordinates, wc obtain vet} roughly the mean 
ordinate to be lbs. This, multiplied by the length AE- 12 ft., 
gives the work done by the force in foot-pounds; • 

x 12 — 888 j- 

s.. A much better result is obtained by Simpson’s Rule, thus : 

Area of curve = 3 {50 + 24 + 4(35 + 25) + 2(28)} 

• * =74 + 240 + 56 - 370 foot-pound*. 
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T^s example also furnishes a good instance of the superior 
accuracy of Simpsoy'a Rule. If we assume that no more than the vt 



three values at 50, 2S, amt 124 are given, as the common intervi 
will now be 0 ft. 

Area•=3(50 + 24 + 4(28) i 2-.0)) 

• -2(74 + 112) =372 f.H.t-pounds. 

Althf.njjli, as shown in the preceding examples, the roof 
accurate. Jesuits .\re obtained by Simeon’* Rule; in all case* 
the ami obtained may if necessary be oheekjj} Tly the rough! 
method. • 


fix. 5. The length of tho Iwujo is 10 inches, and tho lengths 
uipe equidistant ordinates are as fcjlows : 0, J T», 2 S, 3, 4 5, 5’5, fl-ff 
7, 0; the common iuterval is 2 inches ; find the area. $ 


Aw« = S((0+0)4 4(l-5 + 3 + 5-5 + 7U 2(2 5 + 4-5+6'J)} 
— 3 ( 68 + 27 )— s xOfi-Oh], ap inches. * 




As the area of an irregular figure w the product of the lengt^) 
of the Uwe GF and the mean ordinate, it follows that when the 
area ia obtained the mean ordinate may I>e found by dio idW ; 
\he area by the length of the We. Thus in Fig. 80, p. 
G’/’denotesO inches, the division into 10 eipial parte will fpWjjjf 
common distance between each ordinate to be 0 inch. ' 
rough result for tin; mean ordinate has been obiafi 






AVERAGE CROSS-SECTKItf. 

more accurate, rejult can bo found by Simpson’s Kula as ' 
foilowa; f t 

Extfemo ordinat<»^t&5’8+13'C=69-4, 

Eve^ ordinates=71 '2+70+48'2+3()-2 + 28-4=254, 

Odd ordinates=72'8+58'4+40'8 + 33 = 205. 

^rca of figure («9'4+4*x 254 + 2 x 205) 

• # ~ 21)5) 08 sq. in. 

Mean ordinate-4^85 in. 

using 10 instead of 11 ordinates, and adopting the rough 
method) an approximate result 60 2 lias been already obtained, 
(see p. 47.) 

i * : " Average Cross-Section.—Tlic volume of a solid is obtained 
'by multiplying together its average cross-section and its length. 
Simpson’s rule may Ik? applied with advantage to obtain the 
average cross-section, when the cross-sections of an irregular 
body at given intervals are known. In the rule it is only 
necessary to substitute the words ‘area’ for ‘ordinate’ and 
* Volume 1 for ‘ area.’ If A denote the mean height or average 
crow-section, then as the area 
is given by 

the length *A II is kuswn, 

,&• value of A can be obtained. 

SS'An important practical case 
I'OOCUtt whon only three ordi-* 
nates (Fig. 26) are given. 

case Cis 0 ; area of OFED-^A 4 4B)\ 
x A is also the area of O' FED ; 

2*xh**^{A+\E)\ 
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I| iwing Simpaon’n rule, to avoid, a.s far ag p^sible, mistake* 
finding their way*into tho wyjrk, other methods consisting of the 
arrangement of the given numl>er8#into vertical c^Jumns are 
used. This can be best shown by an example. 

hx. i. kind the cubical contents of a log of timber .SO feet long, 
tho cross-sectional aieus at yitcrvalsof o feet Wing respectively 7*5, 
5-08, 3.>4, 2-3*2, 1-80, 1*^4, 01)2 wpiar| feet. Find a%o what the 
volume would be if only the cross-sectional area* of tho two ends 
and the middle Mere given. • 


1 

(l) Oi dilute, j 7'5 

1 * 

j 3-08 

i ■ 

3 fit i 25‘2 

1-86 1-34 

• 

0-88» 

(*2) Simpsons \ 
Multiplier, j 1 

| 1 

# 

2 i 4 

2 1 4 

l 

(3) Product, j 7'3 

1 *20-3*2 

7 08 1 10-08 

3-72 5-36 

•92 


Adding tlu- numWis m the last row (3) together, tho sum is found 
to Ik> bt’OS. 


As tho common interval is feet, 
34-98x3 
3 


olunic 


91 •({ cub. ft. 


When only tine, nidmates nre given, 
then, .1 : |w y|2; 

“K 1« 2fi2.| =. ft»-OS“ 

. ^ -I I 41ST,. 

The common interval ts non Ifi feet • 

* | # . 5 , [, ’ 

volume- - -- = #2-5cul>. ft. 

• Or, by the Priamoidal Rule, we eouhl find the m0 an ot; average 
oross-seetion, and intihij,lying by the length obtain the volume. 

hints, ^ average section = ^ (8-42 + 4x2-52) —— ; 

vohmte= 30 = 82-5, aa before. 


other methods of finding the area of an irregular figure, 
instead of those which have now been studied, are by 0 f 
weighing, and bv usini? a nlanimntot* . ■ itiZ 




HATCHET PLANIMETER. 55 

By Weighing. —Draw the figure to some convenient scale, or, 
if possible, full size, on thick paper or can!board of uniform 
thickness. Out it out carefully.* Also cut*out a rectangular 
piece frojfi tho same sheet; find the weight of the rectangular 
piece and luAce deduce tho weight of a square inch. Then 
knowing the weight of the irregular figure and the weight of 
unit area,^he area of the^igure can bo calculated. 

Planimetera —Tho planimeter is aif instrument for estimat¬ 
ing the areas of irregular figures. 'Jlhrrc aie many bums of the 
instrument to which \urious names hatchet. Amsler, etc. - are 
applied. Of these the more expense and accuiafe forms are 
Mostly modifications of the Anmlrr jihtmuoter. 

Hatchet Planimeter. A hatchet planimeter in its simplest 
form may consist of ,i O-^hajs'd piece «*f metal wire (Fig. 27), 
one end terminating in a nnmd ^unt, the other in i knife edge. 



This knife edge is rounded or Imtchet-shajM.-d, the distance 
between the centre of the edge K and the point T may l*c mad4 
5,10, or some such eonvenhmt number. This length may be 
denoted by TK. 

To determine the area of a figure we proceed as follows : # 

1 (a) Estimate approximately the centre of gravity of the arm 

(p. 58), and through this point draw a straight line across the 

figure. # 

{b) Set the instrument so that it is roughly at right angles to 
this line, with the point T at the centre of gravity. When in 
this position a mark is made on the paper by the knife edge X'. 
Holding the instrument in a vertical position, the point T is 
made to pass from the centre to some point P in the periphery of •« 
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tie figure (Fig. 28), and then to trace onoe round the outline 
of thl figure until poiut P ia again reached, thhnce to the oentre ■ 
again. In this position a mart is agaijt made with the edge AT.’ 
The distance between the two marks is measured, thf product 
of this length and the constant length TK gives tie area of the 
figure approximately. " 



Fio. 28. - Hatchet planlmeter. 


To obtain the result more accurately, it is advisable when the 
point T (after tracing the outline of the figure) arrives at the 
centre to turn the figure on point T as a pivot through about 
180®, and trace tflhie periphery as before, but in the opposite 
direction. This should, with care, bring the edge K near to 
where it started from originally. The i roar ness of the se marks 
depends to some extent on tho accuracy with whiJSTBe centre of 
area 1ms lieen estimated. # 

The area of the figure is the product of TK, and the mean 
Uistande between the first and third marks. 

To prevent the knife edge K frotn slipping, a small weight# 1 
(Fig, 27) is usually threaded on to tho arm BH ; the portion 61 
the anil on which the weight is placed is flattened tojrecefo| 
It The anu BA ia usually adjustable, and this enables Um 
instrument to b« umxl, not only for small, but also for comptnir 
tively large diagrams. . • ^ 

Amsler Flanimeter.— One form of the instrument is showi 
in Fig. 29, and consists of two arms ,1 and C , pivoted togethif 
at a point B. The arm BA is fixed at some convenient point 4 
The other ana BC carries a tracing point T. This is pslv&ij 



Flfl. 29.—Amnlor planlmotor. 

Wlmn the instrument is in use tho rim of the wheel rest* on 
tile paper, ami as the point 7'is%airied round the outline of the 
figure, the wheel, l>y means of a spindle rotating on pirota at a 
and 6, gives motion to a small worm /•", which in turn rotate* 
the dial It'. 

.,u*t)ne rotation of the wheel corresponds to one-tenth of a » 
• revolution of the dial. A vernier, I', is fixed Pi tho frame of 
tile instrument, and a distance «,„*! to !) sonic divisions on the 
nm of the wheel is divided into ten on this vender. 'Hie read¬ 
ings on the d ial are indicated by means of a small linger or 
pointer nfcww* in Fig. 29. If the figures on the dial indicate 
,Wit<S those dh the wheel will bo ,\,tlm ; as each of these is 
subdivided into 10, the eultdivisione indicate iJijths. Finally, 
vernier, I, in which ,Jjg of the wheel is divided into 16 
;&£*> a reading Pi bemiuie to three places of decimals., - 

g^o obtain the area of a figure, the fixed [mint s is set at some 
JjMavenient point outside tho area to lie measured, and the pogit 
§£ at- some point jn the periphery of the figure. Note the 
|*lding of the dial and wheel. Carefully follow the outline of ' 1 
^ UI ' 0 until tho treeing point T again reaches thj starting-' 
' poin t, and again take tho reading. The difference between the 
two readings will give the area of the figure. tj 

C ToobUin proficiency in the use of the instrument it is advrs- 
JjPnJa to first use it to find the area of a square or other simple ' 

film*. 
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To find the area of an irregular figure with accuracy, the 
meiurof two or throe readings may be taken, a* in*the following 
example: * • 

Ar. 1. If the reading on a planimeter (ret to read so. ftjis '4895 j 
and the rending when the tracing point has moved ofice round the 
diagram is •lathi; 

»rea of figure •tathi '1,895 1397 gq. ft 

When another journey is i*utc the rt.uliJg is '7(188 ; 

. aii'a '7(1.88 ••M292='139«» 1 . ft. 

A third journey the reading is SOS.'); 

alea «ll,83-'7tiNN 1395. 

' area of figure ( 1.997 I 'l.'ttNi i '1395) : 3 -- '139(1 Bl ). ft, • 

Centre of Gravity. Kve.y pnrtiele „f a l>„dv is attracted 

by the earth, and the total fore,. eve.l.'.institutes the weight 

of the body. rile separate f^ves due to the weights of the 
constituent. pirticlcs are directed touanls tire; eentre of the 
earth, and are theiefore piai ti.alli parallel furees, 'Hie re¬ 
sultant of all there parallel forces, or the weight of till! body, • 
W'lll art through a definite punt. This point is railed the centre 
°f of I he body. 

<‘riitrc n/iinm-t^ nf ,,„ii„ l rln,;il liijnne. The centre of gravity , 

. .. . '""lies is also t lieu geometrical centres. Thus j 

the centre of gravity of a disc is the eentre of its circular surface J t 
o a reetangle, puallelogiam, or Square, the inter^jyp of tlmir 


mire nj,/mriti/ of n immi/tc. Ill a triangle any line drawn 
parallel to the base will have its centre of gravity at its tuiildlo 
putnt. Hence the centre of gravity of the triangle is in a line 



jmnmg the vertex to the middle point .f of the opposite aide 
frig. 30.) 

In a similar manner, as at B, taking another line aa baett 
the centre of gravity is in the line joining the apex to the. 
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middle point of the opposite side. The point of intersection 
of the lines so obtained, as at C, Fig. 30, is the centre of jlnivity 
of the trianglo; it is easy to verify by measurement or by a 
simple application of Euclid, Ilk. I., that the point of inter¬ 
section is at^one-third the line measured from the Inikc. 

Centre of gravity of irregular figure*. To find the centre of 
gravity uf an irregula| figure, lift* outline may he drawn on 
cnrdlmnl or sheet zinc, then carefiftly cut out and Nuxjxmdod, 
as shown in Fig. 31. 

The centre of gnivity 
is in the vertical line 
passmg through the 
point of suspension. 

Now suspend it fiom 
any other jxnnt, again 
the centre of gravity 
is similarly in the 
vertical line jiassing 
through the point of 
Suspension. Hence 
the centre of gravity 
of the face is at G 
the intersection of the 
two linej^jund. If 
the body is uniform thickness the tcntie of gravity of the 
body is at the middle point of a line jwssmg through G at right 
angles to its plane surface. • # , 

• 

EXERCISES. X. 

1. *Draw a semicircle of 1J inches radius; find its area by 
Simpson‘s Rule. 

2. Draw an ellipse, major axis 12 in., minor axis 8 in., and find 

Its area by Simpson's Rule. • \ , 

3. The ordinates of a curve are 4, 5, 6, 7, 8, 12, and 14 ft. 
respectively; find the area, the common interval being 3 ft., <i) using 
the common rule, (ii) by Simpson’s Rule. 

4 The half ordinates of an irregular piece of steel plate 
uniform thickness, and weighing 4 11*. per txj. ft., are 0, I'D, 2‘5, 3^ 
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; 5, 6*75, 7*26, 9, 8 75, 7, 6, 5 25, 3 5, 2, ami 0 ft. respectively; ttt'* 
oomnuta distance between the ordinates is 5 ft. Fintflta weight. 

5. The ordinates df an irregulfcr piece of land aro 3*5, 4 75, 5 "25, 

7*5, 8 25, 14*75, 6. 9*5, and 4 yds. respectively; tho jommon 
interval is 1} yds. Find its area. c , V{ 

6. Tho equidistant ordinates of an irregular piece of sheet lead, * 

weighing 6 lbs. per aq. ft., are respectively 2, 4, 9, 5, and 3 ft.; the 
length of the base is 8 ft. Fintl its weigh^ { 

7. The half ordinates of*the midship section of a vessel are 12*8, ? 

12*9, 13. 13, 13, 12 9, 12 6, 12, 10*3, G, and 1 *5 feet resoectively, and 
the distance between each of tfieni is 18 inches ; find the area of tho ) 
ieotion. ' j 

8. The tninsvcr.-o sections of a vessf' are 15 ft. a[>art, and the j 
areas in square feet are 4*8, 39*f, 105s 159*1, 183*5, 173*3, 127*4, 
57*2, And 6*0 respectively. Find the volume of the vessel. 

9. Find the numher of cubic feet in a log of timber, 3G ft. long, 
whose cross sections every six feet are 1G*4, 11*36, 8*08, 5*84, 4*32, 

; 3*08, 2*04. What is its weight if*2he specific gravity of the timber 

r b m , 

•/ 10. Find the area of an irregular piece of land ; the lengths of 

V, seven equidistant ordinates being 15, 19, 20, 23, 23, 30 aud 33 ft. 
respectively, the common interval 12 ft. 

11. Tlic five equidistant ordinates of a curved sjmico are in feet 
8, 10, 12, 14, and 15; the common distance being 6 ft. What is tho 
area ? • 


12 . The ordinates of an irregular figure arc found to be 8*2, 7*4, 

(' 8 * 2 , 10 * 2 , and 8*6 ft. respectively; find tho area by the three 
** methods, tho total length of the figure being t> ft. V 

Q* 13. The length of a tree is 17} ft., its girth nr eiscumferenoe at 
’five equidistant places lnung 9*43, 7*92, 6 * 15 , 4*74, and 3*16 ft, . 
4 - respectively. Find the volume of the tree by threo methods. \ 


i* 14. The length of an indicator .diagram is 4 inches, tho end * 
ordinates are 1, 22, and the other ordmates are* 1, *82, *71, '55, *45,-, 
v*38, *33, *29, and *26 inches; the scale of pressure is 60 lbs. per' 
‘ wn. in. to ono inch. Find tho mean pressure (i) by tlie common rale f v 
rjK)Ly Simpson’s Rule. , 

15. Tl>e transverse sections of a vessel arc 18 ft. aport; tho oraoiH 
£beta* 6*5, 55*8, 132*0, 210*9, 266*3, 289*5, 280*2, 23.5*7, 161*2, 77*8$ 
ptod 109 iq.^ft. respectively. Find tho volume of the vessel. 

18, The flagstaff At Row is 215 ft. long; its diameter at tba b 
8 ft. aud at the top 1 ft. Find its weight, assuming a circuktfi 
W«W*'860tion throughout, if its timber weighs 38*06 lb. per ouR ft. 

jftr.. , [N.ur 4 

fe v 17. The depth of a railway cutting is 27 ft. Its breadth at 1 
i$ 74 ft., at the bottom 49 ft. Find the oost of exoaV] 
gkagthpf 0Q yards at is. 9|<L»per oubio yard. •. 



.SUMMARY « 

18. A line g of telephone wircB in 1$ miles long. The poles on 
which the wires aro hung aro .‘10 ft. long, base diameter 10 fti., top 
diameter 6 in., and aro placed 00 it. apart. Find cost’of timber at 
2a. fid. per cub. ft. • [N.U.T.j 

^19. A bucket is 8 in. internal diameter at the liottom ami 12 in. 
at the top. If the depth is 71 in., find the volume and weight of water 
it will hold. [L.C.U.] 

20. TlW length of a treloli is .‘10 ft.’uniform depth 5 ft.; it is 12 ft 

wide at The top and 10 ft. wide at the*bottom. How many cubio 
yards of soil are removed in excavating the trench? How many 
gallons of water will it hold when full ? [U.E.I.J 

21, From equidistant points in a straight path 00 yards long, run* 
ping along one side of a field, the perpendicular distances to the. 
boundary are 0, 308, 50 (5, (>.“>, 00, 07 2, 04, 50, 34*2, 20'9, 15, H, 
and 0 yds. respectively. Calculate the area of the field. [N.U.T.J 


% 

Summary. 


The area of an irregular ligme e.m be obiained ilms: 

Divide the figure into a number ol equal spu es, and erect ordinates 
at the centre of eaeli space . 

(1) Add the lengths of all the ordinates together, and, to obtain 
the mean ordinate, divide the sum by the number of ordinates. 


(2) Trapeioidal Rule. Add half the sum of the end ordinates to 
the sum of all the others, and di\nle this bj the iminlier of ordinate* 
to obtai n the m ean ordinate. * 

, (3) SimpSonJf Rule.-Add togothei the extreme ordinates, four 

1 times the sum of the evfli ordiimlen. and t\»i«T the sum of the odd 
ordinates. Multiply the lesull by one third the common interval, 

In each of the abovetlie aiea length x mnui ordinate. • > ’J 

, Average Gross-Section - \ (fiim of fust and lust sections+ 4 timet 
Jthe middle section). • y 

Area by use of Squared Paper. — Draw the figure on Miuarcd paper, 
fes tima te the nuinlicr of whole squares within the boundary, amWthe 
^fractional parts cut by it, and add the two together. 
j£ ! ATM by Weighing.—Draw the figure on a sheet of uniform thicks 
&Mas, such as a sheet of cardboard : cut out the figure as care# 
jffnlJj as possible: also cut out of the same piece of ^rdlxwrd *~ 
Rectangular piece, weigh the latter; hence deduce the weight of 4* ; 
|«j®*re inch, and from this, knowing the weight of tlie irregular, 
Mgure, its area can be found. 

nulmeter is an instrumeut by means of which the area of 
^regg^ar plane figure can be mechanically determined. ^ 
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UNITS OF VOLUMH. UNITS OF MASS. UNITS OF 
WKIOIIT. DKNSITV SUKCIFIU (IRAVITY. - 


Measurement of Volume.-If o»n examine Fig. ?2, which 
represents u cubic foul, and mind what you have already 

learnt, you wdl easily imdri-.tund tli.it. each edge of the solid 
there represented is mmsuird .is a length and is 1 foot, or 
12 inches. Farit of its fairs lias an an a, which can he obtained 
by limitiphin# together the lengths of two of the edges which 
inwt at a corner. Hut the size of the solid, or the amount of 
loom it takes up, or the 
space it omipies is quite a 
ditlcicut thing. This new 
ineasmemeiit. h.it is 

call»|l Us voliwne. 

The \olume of a solid, 
body is obtained by mea- 
‘ sunng in three directions. 
.Just as to find the area of 
a sui face we measure its 
length and breadth, So to 
measure the volume of a 
olid we must find in addi¬ 
tion to measurements o ( length and bjeadth, another distance 
called the thickness. If we multiply length, breadth, and 
thiokness together we obtain a volume or cubical content. 

Returning to our cubic foot for a moment, let us find how 
many cubic inches it contains. AVe know already that any one 
of its faces coven* 144 square inches of surface. In the cube 



Pig. 82.—Tu explain why 1T..N cubic inches 
nuki* one cubic Ion. 






UNITS OF CAPACITY AND % VOLUME. 

we can think # of a layer of 141 cubic inches, or littleVulnfl each 
edge of which is an inch, and ^adi face of which is » square 
inch. How many such levers an* then* in the whole cubic foot, i 
Evidently there are twelve layers 
9 ConsulIienlly, m the whole cube we haxe Mix 12 1728 little 

cubes the edges of which are one inch long and the faces of 
which are each one sqi|irc inch # <)r, one cubic foot contains 
1728 cubic inches. • 

Wo could i eason m the same ^ay to find out how many 
cubic feet are required to build up a cubic \.ud. We may 
wiite down, theiefoie, • 

• 1728 ( - 12 x 12 x 12) cubic inches make I i ubic foot. 

27 (= .’1 x 3 x 3) „ feet ., I „ yard. 

Units of Capacity and Vojjme. In the Hi it ish system an 
arbitrary unit, the gallon, is the ntumhird >uut of <uf,<icit<j and 
volume, and is defined as the xoluiuc •«« upied b\ IP lbs. of pure 
water at a tempeiatuie of (52’ F. 

With a few exceptions, all bodies expand by beat and contract 
when cooled ; heme the temjH'iature of (lie water must l>e 
given in thus defining the unit of xobime 

The weight of a mine foot of watei depends upon its tem¬ 
perature. Thus at 32" F. the weight is «»2 IlM Ihs, at (12' F. 
die weights (52 3.V» lbs, and at 212 is n!)(>l lbs. A good 
average xahn^is (!23 lbs. Foi <on\enierue in calculations, a 
cubic foot is sometime * tula n to 1 m- (>] gallons, and its weight 
1000 oz., oi 02 5 lhs. Hence the weight of a pint is about 
1| il>s. 

A larger unit is the volume of a cube on a base of which 
the length of each side is 1 foot and the height HE also 1 foot. 
The volume of such a culie is 1 cubic foot. * 

When the unit of length is one On*//, the unit of volume is one 
cubic ini'h. 

In Fig. 33 a cubic yard is represented. If MIC!) represent a 
square having its edge 1 yard, the area of the square is 9 square 
feet. If the vertical sides, one of which is shown at DE S * be 
divided into three equal jwuts, and the remaining lines bo 
drawn parallel to UK and the base respectively. Then, as will 
be seen from the figure, there are nine jjerpendicular rows ot 
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nnall jubea, the sides being 1 foot in length, area of,base 1 square • 
toot, and volume 1 1 cubic foot { Also there are three of these* 
cubes in q ich row, making in all 
3x1)=‘27. Thus 1 cubic yard = 27 
cubic feet, />. 3 x 3 x 3=27, and the 
weight of a cubic yard of pure 
water won) 1 therefore be^ 27 x 62 3 
lbs. -1682-1 lbs. 

,» In this example, and also in 
considering the weight of a gallon, 
the student should notice that the 
specification “pure” water is pecest 
s.iry, for if the water contains 
matter either in solution or mixed 
with it, its weight would l>e .^tered. Thus, the weight of a ^ 
cubic foot of salt water is (It lbs, and the weight of a gallon of - 
muddy water may I*c II or 12 ll>s. instead of 10 lbs. 



Pjo. 53, - A cubic yard con tains 
27 cubic fe*l 



. Ho. 34.— Cubic dod metre (1000 cubic centimetres) holds 1 kilogram or 1000 
puna (1 litre) of water at 4’ C. 

. Metric Measures of Volume. —We proceed in a similar 
Way when we wish to measure volumes by the metric system. !% 





MEASURES OF VOLUME. 

A block buijj up with cubes representing cubic mitimetyea is 
shown in Fig. 34. ., « 

The ci^ie measures 10*vntimetres each way, and its volume 
is therefore a cubic decimetre. There are 10 centimetres in a 
decimetre, so tin* <dgo of the decimetre nils* is 10 centimetres 
in length ; the aie.i of one of its fares is lox K* KM) square 
centimetre^; and it-* volume is I0> lOx 10 - K>i x 10--* 1000 

pubic centimetres. 

In the Metre- S\stem the unit < f \olume is railed a Litre. 
At ordinalv tenqieiutmc it is \ei\ marly a ruble deeimetre, 
.or 10(K) ruble eeiitiuieties (Fig. 31), and is equal to 1*70 English 
pints. # 

We have found that the unit of aiea is, for ronvenienee, taken 
to lie one square is ntlinede, the eon esj>onding unit of volume* 
iu then the mine centimetre (< r \ 

MEASURES OF VOLUME OR CAPACITY. 

British. 

Unit volume /< Me eohmin omiptei/ l>;t a i/ollon, or 10 lb*. of 
water at a tempera fa re of 02' F 

One fourth pait of a gallon is a quail, and an eighth part of 
ft gallon is a pint. 

1728 eubic inches — 1 eubi« foot. 27 cubic feet 1 cubic yard. 

Metric. 

Unit Volume,- The litre m the rohn/ic on-tipicd hi/ 1 L Hog ram 
of water at 4° C. 1000 cubic centimetres - 1 litie. » 

The standard temperature 4' C. is not \ery convenient, and 
the temperature 02° F., or lOj’C, may be used instead*; a 
suitable correction for the expansion of sulistances for an 
increase*of temperature must lie made if necessary. # 

Volume. 

Conversion Table. • 

1 cub. in. = 16*387 cub. cm. 1 ceni. *001 cub. in. 

„ ft. “2*316 „ 1 litre =01*027 „ 

| . „ yard = 704535 =1*70 pint, or 

4 pint “567*63 „ ~’2*2 gallon. 

*>4541 „ 

U*- * 
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T|e mass f>f a body is the quantity of matter contains. 

The British Uijit of Maas is the Pound Avoirdupois. The 

mans of a Ixxlv is aseeitained by comparing it with the^Standard 
mass. 

The lintish Pound is defined as the quantity of matter in a 
platiimiii eylimler deposited in the offices of the Board of 

Tiade ‘ | v 

Accurate topics of tin*Standard, as well as multiples and sub* 
multiples of it, aie to be fyund in \ainms pints of the country. 
The sub-multiples of the unit ,ue obtained bv dividing tlie unit 
into sixteen equal pints,‘ a<h railed an ounce. A smaller 
measure of mass is obtained b\ dividing the jsmnd avoir¬ 
dupois into 7000 equal parts, each of which is called a grain. 
Thus, one-sixteenth pait of the unit is an ounce, and one seven- 
thousandth pait a giain. ^ 

By the operation of weighing vciv accurate copies of the 
standard can be made The choice of platinum as a suit¬ 
able inuteiial for the *4,ind.nd is made on account of its 
being a substance not liable to be atlccted by atmospheric 
influences. 

The Metric Unit of Mass is the Kilogram. Tim metric 
standard of ihim is conveniently obtained from the correspond¬ 
ing unit of \olunie The kilogram, for such the standard is 
called, was miginally defined to be the quant ityflRtonatlcr in a 
cubic deeinietie, or litre, of pure water, at its'temperaturo of 
maximum density 4 ('. If is now defined to be the mass of a 
'platinum cylinder deposited in tlit* Piemh Archives. For all 
practical pm poses a htte of pure, water ui 4 <weighs 1 kilo¬ 
gram or 1000 giam.x lienee, since, as has lieen seen, the litre 
contains 10(»O cubic centimetres (e.c) a orom w the vum of a 
cm Mr vent i metre of n>iternt u t> m jurat >t re i>/‘4‘ The gram is 
the usual unit used, and hence when we know the volume iu 
cubic centimetres of any quantity of water at 4° w'e know 
also its mass in grams. 

It is adusablc to rcinemlier that there are 453*593 grams in a 
pound ; that 1 gram -15*132 grains ; and a kilogram —2| lbs. 



WEIOHT AND DENSITY. «7 

British and Metric Measures of Mass. 

1 grain- i.V-132 grains, 

I kilo. 2 2 lbs. 


1 ton | —I v 111 1 * <fin. 

lo inillitri;tm-> I i <*i^igi am. 

10 • entigianis ! •Iceigi.im 
Hhki grains 1 kilogram. 

• Weight. The tnuif/it of it }‘lull/ is tin* ntfrnif/re force wliich 
the wfttli oxen* "ii tin* body at, i>!' near its miiI.hi*. It varien 
with the position of the bud\ on tin* e.nflih snif.icf, being 
greatest at the poles and least at the equatni 

Hence the weight of a fmttinfts a quantity of force, \i/„, the 
force equal to tin* tension of a stung supposing a mass of 1 lb., 
or, as it is commonly failed, a pound weight. The f.m*e of 
gravity vaiies with the distanee from tin* earths centre ; thus, 
at a place where giavitv is nil, such as at the untie of the 
earth, the weight would also he nil 
The weight of tin* body, equal to the tension of tin* string 
supporting it, could he ascertained by attaching the stiing to 
a spring balance. If the mass atta<bed to the balance cotdd be 
carried froifPThe {Mile to tin* equator, although the mass icmaiiis 
constant, its wiight, as*mdieat<*d by the balance, would vary 
continuously. 

By means of an ordinary balance or pair of scales the mass ot 
a body in terms of the unit mass, or tin* weight of a bfxjy in 
terms of the weight of the unit mass, tan be obtained at the 
particular place where the estimation is made. # 

The operation of finding the weight of a body is- called 
weighing. The Ixxlv whose weight is to be found is placed in 
one pan of a balance, and known weights are plaqpd in the 
other pan until the two are balanced ; the sum of the weights 
used is the weight of the laxly. 

Density.— The demiftf of a snhutunre in the hum of (he unit 
volume of it. Assuming the density to Iw* uniform, the density 
of a substance (when the unit of mass is one pound and the 


I grain % ^ Ofj^R gin. 

1 ounce avoirdupois- riS-35 gm. 
7(X)0 grains ^ , ro ..... 

*1 (lb.)j -**«**»■ 
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unit fd volume one cubic foot), in tlie number of pounds in a 
cubic foot of the substance. ( 

When metric units are adopted, thtfdensity is the rynnber of 
grams in a cubic (cntimetre of the subxtanee. f 

Relative Density. The relatin' i/mo/v of a *nh*tanrc in the' 
ratio o/ it* uvajht to the irr/i^ht o / an canal min me of a standard > 
nidwtuioe It is oliviou^tlut the standard suIwt,me»4should bo 
at am place easils obtainable in a pure state ; pure distilled 
water fulfils these iondiliou& The only precaution necessary is 
with regard to tempei.itui e t 

The relatin' d,„nt;t h usuallv<ailed tin- specific gravity ; than 
Mpccitic gnwtirs nf \anniH xulist.iU'es arc tabulated iir Table 
11 . 'Hius, it tin* spiiiin* giavitx of east non is 7--, then the 4 
weight of a ruble font is 7 22 tunes tin* weight of a cubic foot of 
water 7i!2<l>2 3 t."»<* Mis *' 

The sjM*i iti< gi.iwU oi niereui \ being |3T»!tf>, the weight of a 
cubic foot is |3;»{«; < *;2.? lbs. 

The weight .>1 a < nine irntiinrhe of east iron will evidently 
be 7“22 grams 

The weight of I' ruble feet of water IV, where ir is the 
weight of unit \olmne. 

Hence, if I’denoti (he \oluinc of a l»od\ in eubie feet, and 8 
its specific gr.mh, the weight of the hod\ is 

I’.Vx */•(!). *• 

• * 

If ir be tlie weight of unit \o|ume*then the weight of the 

ia |» I'.Vxli-a;) Ilia. [Ki|. 0)]. 

In this manner it is ciistomun to define njierifie if rarity an the 
ratib of the ireit/hf oi a if icon nil nine of a nnbntanee to the wight 
of the Mine volume of uater* 

\f the volume of the body is obtained in eubie inches, then in , 
Kq. (1) tv will denote the weight of one cubic inch (the weight" 
of one cubic inch of water - i'd 3-r 1728=- 030 lb.). 

KXKMTSKS. XI. 

J, Find the number of litr**s m one cubic foot of water. > v 

2. If a cup contains *7735 litre, how often must it be filled to 
obtain 1575 inula ? 

•The term specific gravity is usually shortened to ap. gr. 



RELATIVE DENSITY* 


3. Five kib^rams of gold ate divided among 110 persons. |?how 
that eaoh {m?ihoii receives nearh 4a grains 4 decigrams 3 centigram* 

5 milligrams. • 9 

4. Ftifl lias of square metres hi 71 aeres. 

• (I wj \il, sdtil s<j. cm,] ' 

• 5. Kind the difference in mine inches lietwccii tin* \olunu* of u> 

cubic yard and \ that of u i nine metie^ 

6 . Fiudfthe numWr ojtkilogninm in a ton, also the number of 
grains in a gram. 

7. If the weight of a eubie fool 04 wutei be f >2 d |Im., find tho 

error in calculating (lit* weight of loooenh. fi . on the assumption 
that a cubic fool weighs IttOtin/ • 

® 8 . Find the weight of .1 « nbn melieot ;i 11 if 100 cubic inches 
Weigh HI grains. 

<i 9. Find the number of gallons in .70 litus of water, also in a 
kilolitre. 

10. What is the number of litn-%iu 100 pints'' 

11. Find the uuiiiIkt of hties in ]o gallons, d quarts, 2 pints. 

12. In 120 1 ha. how many grams? 

13. Find the immlK*r of grains in Iimi giams, and the nuniWr of 
pounds m 100 kilograms 

14. The '-pceilie gi.un v of menui) being IdO, lind tbe weight of 
12 litres of meremv m kilograms 

15. The internal dimension-. <»t a tank aie i< ngth 10 .7 in., width 
2*25 m., depth 2 77 m. Find the uumlsi ot lities of water in it 
when the tank is full. 

18. The digmeter of a lead pem-il ot mmlar eross section is 

H nun., and the 9 length of orv suh- <>t *-< 111.111 giaplnte inclosed is 

2 mm. If the specific giuHit\ m t),. «h<>|< pencil is (Mid. and of 
graphite. 2 27, what is tin- sjh'mIk granty oi lie- wood? |N.IJ.T.J 

17. The weights of eoii.il \olmucs oi two suiistanei's and /? 

.are in the ratio d. 7. 'the weights of equal volumes oi /,’and C 

are in the ratio h: 7. If WHt e.< ot (! weigh HO grams, what is tho 
volume of 27 grains of A ? [ t \ T . U.T.] 

18. Olmveit a pressure of .i 00 lbs. per wi. in. into kg i»er mi. cm, 

1 kg. =2 2 D>. 1 m. -39 37 111 . IN. U.T.j 

'% 19. Find the sp. gr. of an iron casting weighing 10 lb., and when 
immersed in water 8 lb. 10 oz. • 

2d The sp. gr. of east iron is 7"2. If the volume of a cast iron 
bracket is 100 cub. in. and sp. gr. 6"2, what volume is ngt 
occupied by metal v 

21 . II tho sp. gr of glycerine is 128, how much water has been y 
- added to 10 pints of glycerine of sp. gr. 1 * 2 ? ' 
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22| Kind flu* amount of gold and silver in an nll^y of s|>. gr. 16, 
woigTung WH) grams; ip gi. of gold Itf.'l, ol silver 10\>. 

23. A gold ouuimnt weighing 77 "1 -grams, sn. gr. 19*3, when 

immersed, diipl.u rs .I giummi wutci. is the gold hollow* und if so, 
what is the sue of the < awty '! c 

24. An non diell, \oluine IS cult in , ip gi. 7'-, loses half its 
weight when iiiinicm <1 in watei Wli.it |>.u t ot its volume is hollow ? 

» Summary. ** 

Unit of volume in the lhitish iv-dem h the gallon, defined as the 
volume oeeiipied by fit lln of pine u.itei at a tempeiat lilt* 62° F, A 
larger unit n the cubic fojt A eulue toot ot water is taken to 
weigh 62 3 lbs., oi .ippioxiniately (if gallons, eijii.il to62£ lbs., or 
10UU ounces. 

• 

A Pint ot pin*' w it' i w» luh- ibonl 11 Hu The sub multiple (the 
cubic null) h ntten used : a eubie inch of watei weighs 


' A ‘ iidii’, gfaitn 03(1 lbs. nearly. 

17 > 

A eulue \aid contains 27 eubie hi t 

The metne unit of volume i> the litre, oi the space occupied by a 
kilogiam ot wuter.it 1 1' . a iikmc< mivenu nt un.t f«»i m.my purposes 
is the cubic centimetre I- i ) The iii.in of a i e of pure water at 
4"('. is ono gram 

The mass of a body denotes the quantity of matter it contains. 

Unit of mass i .one pound (1 lb.) defined as the ijuantity of matter 
in a platinum cy Under deposited m the St.imlunls Otliee. 

Multiples of the, unit are l cwt 112 lbs., and t ton *20 cwts., or 
2210 lbs 

Nub-multiples are obtained by dividuy* one pound into 16 equal 
jiarts, eaih mi ouim, or into 7(HK) jnits called ijraiii w. 

• The metre unit of nuns is the Kilogram, which is defined as the 
mass of a certain plat mum cylinder dejmsiled in the French Archives. 

TJie kilogram of water at otdinury lempetatuies has a volume of 
very nearly I litio, or 1000 e e. A mote convenient unit of mass 
is that of 1 e.e. of water, or 1 gram. 

^Weight. -The weight of a lnwly is the attractive force which the 
earth exerts on it at or near its sea level. The weight of a liody 
denotes a quantity of force. The max* of a liody denotes a quantity 
of matter. % 

The density of a body is the mass of unit volume. Relative density 
of a body is the ratio of its weight to that of an equal volume of a 
standard substance. The standard substance is pure water, and 
relative density is usually known as *pedflc gravity. 

Sp. gr. = w---, whore IK=weight of liody, apparent weight 
of body in water. 



CHAPTER. IX. 


MENSURATION OF SOLID* \1)LUMK AND SURFACE 
Of A Riomr PRISM. VOLUME AND SURFACE OF A 
CUBIC PRISM. VOLUME AND sURFAt T. OF AN 
OBLlyUK PRISM. APPROXIMATIONS. ESTIMATING. 
SIMILAR FIGURES. % 

A solid figure *u solid is .1 liguir hating tin* tluee dimen¬ 
sions of length, Lieadth, and thickness Wh'-n the sin fares 
lnmnding a solid are plane, the* .11 »* < alhd f.e-* s. and the edges 
of the solid ale the hues of intei Mitioii of lie* planes forming 
its faces. 

What am ml led the regular i-ohds af tne in number, viz., 
tho I'ttfte, Mnthri/rnu , ix-ht/n-ilmn, tiotift <rlw</r<>ii, and « on<//tfdron. 

The i'uhc is a solid hating six e.pial 
square faces. # 

Tile Mrahadmu has row equal faces, 
all equilateral triangles. 

The vetoh 0 Iron has eight fares, all equi¬ 
lateral triangles. 

The dodf.oihftbon has twehr fa«es, all 
pentagons. 

Tho icomhedrou hits twenty fares, all 
equilateral triangles. ^ 

Cylinder. —If a rectangle AH('l) (Tig. 

35) be made to revolte about one side 
AB, as an axis, it will trace out a 
cylinder. Or, a cylinder iH trawl by a 
Straight line always moving parallel to itself loimd the boundary 
of a curve, called the guiding cun;e . 
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Pjramid.—If one end of the line A Sal ways passes through 
a hxba point, and the other end l,o made to move round the 
boundary of a curve, a is traced out. 

0one - . If th ‘' a '•''"le and the fixed point is in the 

line passing tl.i-m.Kh the e..„,„. „f the mule, and .4 ri K ht angles 

«h T , ,V “" '* a" "W'V«« ™«" results' 

the 1 W a »"'h'l>t angles to the plane 




■"“V m r"'" - ,rlt (I ' V ' n ' v "lv" about 

diametoi A/>, the surface meliorated is a tphw. 



Fio, 58. —Roctwigukr, square, pentagonal, and triangular prisms. 

Trium.—Wlien the line remains parallel to itself and is made 
to pass round the boundary of any rectilinear polygon, the solid 
formed is called a prwn. 








RIGHT PRISM. 


The ends of^i prism and the base of a pyramid may be|>oly- ?*’ 
gone of any nunilwr of sides,»>., triangular, Rectangular, jienta- 
gonal, etg. t 

A prism is called recta no uUu\ jienUujiuuil s fihttu/nlur, 

he.cm/onal, et<T (Fig. 38). a< voiding as tin* end or lose is one or 
other of these pohgons. 

A prisiiL wliieh has si\faee> all |>?frallelograms iH also called a 
parallel opTf ted. • 

Aright or rectangular prism ha* its side faces pej*j>endieu 1 ar 
to its ends. Other pi isms ;ue cailed # oblique. 



In (Fig. 39) a light prism, the ends of winch aie rectangle#, 
is shown; to find its \olmne, sometimes called the contentful‘ 
solidity, it :««necessary to find tin* area of one end !>CGE, and 
multiply by the length j}C. Let /, /», and it denote the length, 
breadth, and depth 01 altitude of the light prism rosjaietively. 

Then area of one end-*-/; x it. 

A rul volume of prism — It x tl x /. 

As b x /=area of base ; volume - area of turn x altitude. 

When the volume of any solid is obtained, the weight ean^>e 
determined by multiplying the volume by the Height of unit 
volume. The weight of unit volume of various materials in 
common use may be obtained from Table II.. p. 103. # 

Ex. 1. If the length of a wrought iron slab Ihj 8 ft., the depth 2 
ft. , and breadth 3 ft., 

Area of one end - 3 / 2 = 6 W|. ft. 

volume - 6 x 8 - 48 cub. ft. 

Weight - 48 x 480=23040 lbs. 
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A|imilar cwo is illustrated in Fig. 30, in which the length IiC\% 
divined into 8 equal parts, the breadth into 3, and fhe depth into 2. 
Then it is wen thrfl there aioti square units m the end DCOE of 
the slab, and these are faces of a row o#niv unit cubes. ( There are 
8 such rows ; hence the volume is S 15- 48 cub, ft. 

i 

Total Surface of a Right Prism. The total surface is, front 
Fig. 311, seen to be twice fly aic.i «»f tin* face AIM'D, and twice 
the area of A DEE, together with the "tea of the tw<4endu ; 

• siilfacc 2(A/-f M + I»l) ; 

or, [wrimeter of base wMti/ihnl In/ altitude together inth areas oj 
the two end.*. • 


Ex. 2. The internal dimensions of a box without lid are ^ length 
8 ft., breadth 3 ft , and depth 2 ft.: find the cost of lining it with 
zinc at 7d. per square foot. 


Aiea of base #8 3 24 sq ft. 

„ Miles 2(8-2} 32 „ 
ends 2(3 2) 12 „ 
Total area 68 sq. ft. 

<W ,I ' S 1 „ 1 Cl. Ills. 0(1. 


Volume of a Cube. 


Wlicii the length, breadth, and depth 
arc equal, the solid is called a 
etd'c: if a denote the length 
of an edge of**he solid, the 
are# of the Iftse is a- and the 
volume is a ! . 

Ex. 3. bet t ho length of the 
edge of i ho cube lie 4 inches 
(Fig. 40). It is seen by divid¬ 
ing two adjacent sides (or 
edges), as Eli and EC, each 
into 4 equal parts, and drawing 
through the points of division 
lines parallel to EH and BC, 
that one end EBCD contain# 
16 squares, each of which is a 
face of a unit cube; and aa 
there are four slabs of 16 cube# each, the volume is 4 x 16=64 cubic 
inches. 



Fin. 40 -- Volume of a cube. 



OBIJQUK PRISM. 


Thus, when ihe nutnlior denoting the length of the edgt|of a 
cube is known, the volume is obtained by/Milling the gi\un 
number. * The cmiu'iw iteration, i.r., given the \olmue to find 
the length of an edge, requites the extinction of the cube root, 
Jjut this and the operations of division and multiplication can be 
readily elici ted by using logarithms 
Ex. 4. Hind the edge a cubical block of cast-iron, whoso 
weight is equal to that of a re< taiigular liar of steel measuring 10 ft. 
6 in. long, 4 in wide, and 2 in. thick • 

If a denote the length of the edge of the cube, its volume will be 

f *. The volume of the steel bar is 4 • 2 1008 cub. in. Kroift 
'able y. the weights of a cubic inch of cast-iron and steel are ’26 
ami *120 lb. respectively. 

Ueuoe « 3 x'2() 1008 20 



loglOOK-- HOMS 
log 20 1 4(524 
2 4ti.)7 
log 20 I 41 'Ml 

:i ) .i*ono7 

1 01 Oil. 

nntilog "0160--1040. 
length of edge - 10 4 in 

Volume o?ap Oblique Prism. 'Hie volumes of all parallelo. 
pipeda, having the same* u equal bases and the same or equal 
altitudes, are equal. 



D C 


Fin. 41.—Volume of an oblique prism. 

In Fig.41 an oblique prism ADtVFttA E is shown. By drawing 
OS and DH perpendicular to DC and SP parallel to Bt\ wedge- 
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shawxl pieces are obtained. Assuming the wedge-shaped piece 
CiVPFIi transferal to the l^ft, as indicated, the oblique prism 
becomes a light prism on a rectangular base. 

Thus Me r< if a/in- of u/i oblique prim or /xtraUeh/iiped i* equal 
to the amt of the hase multijilo-d hi/ it* altitude. 

Perhaps tin* best and tin* easiest, method is to build up a rect¬ 
angular prism fiom a number of tlinf rectangles (of^millboard, 
eardlxiard, or thin woo«P5 I5\ shearing the solid so constructed, 
as in Fig. I-, any degree of obliquity <*an be obtained, and the 
height, which is obviously the sum of the thicknesses of the 
feet angles, remains the sufte. Hence the volume of the solid ia 
unaltered. 



Assuming the volume of a solid to be unaltered when its- 
shape is altered, then, gneii two of the new dimensions, theA 
remaining one can be found. 

t Ex. 5. A bar of copper 1 ft. long, 9 in. wide, anfP^-in. thick ia 
rolled into a plate ti ft. long and 4 ft/ wide. What will be the . 
thickness of the plate ? 

■ Let t denote the thickness. 

Then volume of plate 7- *• 48 \ t. . H ' 

A*» tho volume is unaltered, this must he equal to the original 

volume. .• 72 v, 48 \ / -12 \ iK 2 " v '. 

v 


/ 


1*2 < 9 & 
72 x48> S 


- in. 



Tho vajue of t is easily obtained by using logarithms as in$the-f 
preceding example. • 


c Approximations. —Those who have made measurements of 
the internal dimensions of any forms of hollow vessels, such aa&i£ 
tanks, cylinders, etc., used for commercial purposes, and from;'-' 
such observations calculated the volume and weight of water ' 
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filling the vea§el to any measured height, are quit-e awar* th&t 
the results obtained are at bes^ only a ggod approximation.' 
This is nJiown at once w|mn the ealeul.it ion can be rhecked by 
actually weiring the enclosed volume of water. When this is 
done, it is at once seen that to express an answei to a practical 
question concerning the weight of wutei in siah a vessel in tons, 
pounds, oyieesand dei intd* of an mTnee is to give an appearance 
of accuracy impossible aetu.illv to attafti 

Another ease of close approximation may be shown by 
weighing a block of any oidmaiy matenal, and then comparing 
^lie lesult with the pioduet of thcV.ileul.ited xolume and the 
weigli| of unit volume which only gives the weight of the 
block approximately. 

These inaeeui.ite icsiilts may be due to many causes, sin'll as, 
the difficulty of obtaining sulli^gently accurate measurements ; 
tile edges or lines which aie nie.isuied and aie assumed to bo 
mutually jierpcmheular may not be strntlx so. the material 
may vary in density, oi the tabulated value of unit volume may 
only roughly represent the weight of unit volume of the given 
material. 

In multiplying simple numbers together the lesult may as an 
exercise in arithmetical methods be obtained to any degree of 
accuracy, but when applied to pi art i cal questions it is not 
advisable to^give results whnli imply a degiee of aeeuraey not 
obtainable fronj the obs^ ved data. 

Estimating. Ill previous pages refereme has aheady been 
made to some methods in use by practical m« n for estimating i<! 
any given ease the amount of material required, the cost of 
labour, etc. Methods in use where \olunie is eoiicerncff are 
very numerous, and it is only jswsible to refer heie to a fewjaf 
the more important. 

• pnit of Cost. -In the ease of buildings an approximate com¬ 
putation of the expense necessary to carry out a give* design is 
effected by calculating the cubie content as though the building 
were a solid instead of a hollow structure. Tin- mlume so <$>- 
ftained multiplied by the unit of amt gives the total cost. In 
such a computation the dimensions, length and width, are tbo , 
{oat^de dimensions of the walls; the third dimension is th* 
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distance from the top of the concrete, or from thp upper side of 
the top course of the footing, to half the height of the roof. 

The unit of rout, also called the co.^ /»•/’ foot ruin', may vary 
from 4d. to fid. for cottage propeih, t<» Is. or Is. 6d. for more 
important structmes. 

Brickwork. In laige engincci mg works brickwork is usually 
measured by the cubic v.ud, and m \i few cases l^v the rod 
or square peich, at <> *l<h"{<tr<! tlmhm* of 1\ bn< h. As a rial 
is f»A yds, or 16$ ft , a square iml (ablueuated into rod)contains 
10$ x 16$ 272| s«|. ft. iMs usual to use 272 instead of tho 
more acini ate number 2 7-1. Hence, as the thickness is 1$ brickf 
or 13$ itn lies it follows that a uni of brn kuoik contains . 

i7ix ,3 j..uUft :n»;.ul. ft ll',ul,.v,U 

To estimate the numbei of Cumlud i"d> of buck work in a 
wall wo may use the rule 

J fuftiph/ the <trr>t of the troll <o itpi‘tr> !<>'t I,,/ t/,,‘ mint In'r of 
fa'llf brief'* in till t fir how, tintl throb’ b>t 272 x .'} 

fCx. I. Kind tho iuuuImt of standard nwbof luukwork in a wall 
62$ feet long, 8 feel high, and 2$ bricks thick. 

Tho area is 5*2$ x 8 square feet. 

The numlxT of half hiicka m the thickness is 5. 

, . , 52 A x 8 «. 

\ nutnlH'r of rods - i)-i( _ o ajjpvox. 

Similar Solids. Solids which have the Mine shape, but the 
dimensions not necessarily the same, aie ailed sontihir sol it fa. 

ft it//it prisms. Two right pi isms, the buses of which are 
simi’ar, and their heights proportional to on responding edges 
of tho bases, are similar solids. The same test also applying to 
ri^ht pyramids, right cylinders, anil right cones. 

All sphere* and all ruins, are similar solids. 

Ex. 1. The lengths of the edges of two culm arc 2 in. and 4 in. 
respectively. Compare the surfaces and volumes of the two solids. 
If the first cube weighs 2 lbs. what is the weight of the second? 

•The area of each face of a cube of 2 m. edge is 2“. As there are 
6 similar faces the surface is 6 x 2* = 24 square inches. 

In a similar manner the surface of the second cube is 6 x 4 9 =96 
•q, in. 
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Thus the surface of the second is 4 times that of the first. 

The volume of the first culw is 2 s S. 

The volume of the seconderube is 4* 64. 

Hence tfle volume of the second is S times that of the first. 

As the weigHt of tin* first is 2 lbs., the weight of tin* second is 
8x2^16 lbs. 


t 

k\i:h( isks \y 

1. Find the v olume of a pi«>« «• of timber 10 ft 6 in. long, 4 in. wide, 
and 2 in. thick. 

2. If the inside edge of a uiluc.il t*mk is t ft , find its volumo; 
also find tlie nuniU i of gallons it will hold when full 

3. Tlie internal dimensions of a rc< tungiil.u tank ale 4 ft. 4 in., 

2 ft. 8 in , and 1 ft 1 * in Kind its volume m cubic feet, the 
number of gallons in, and the weight of the watei it will hold 
when full. 

4. A cistern measures 7 ft. in length. 3 ft. 1 in in width What 
is the depth of the water when the tank contains (MX! gallons? 

5. A tank h t metie.s long, 7a metres wide, and 1 metre deep; 
find the weight <>} watei it will hold. 

6. A metal cistern is 12 ft. long, K ft wide, and 4 ft. deep, 

external measurements If tin* axeiage t link ness of the metal is 
J in., find the number of gallons of water it will hold when full. 

7. Three edges of a i< rtangnl.tr prism are 3. 2 .V2, ami I‘323 ft. 
respectively. Kind the volumo in mine bet Find id ho the ruble v 
spaeo inside ajiox of the same external dimensions made of wood 
one-tenth of a foot in thn kness 

8 . The content of a ».tl l.l ock of atom, 12 ft. 6 in. broad, and 

3 ft. 0 in. thick, is 27 < ub jds. 1 cub. ft Kill cub. in. What i« 

its length, und its price, at 6d. jk i cubic fool ? • 

9. How’ much would it cost to have a cellar ring JK ft. 4 in. long, 

12 ft. broad, and 13 ft. 6 in deep, at t*d ja-r ruble yard v • 

10, It is required to cut a pus*; erjual to 1 cubic foot from a 
plank 2J in. thick and 8 hi. wide ; find the length of th ■ piece to lib 
cot off. 

11, A rectangular tank is 13 ft 6 in long bv ft ft 0 m. wide ; bow 
many cubic yards of water must be drawn off to muke tjje surface. * 
of the water sink a foot ? 

12. A cubical cistern, ojien at the top, costs £\ 6. tin. 8d. to line 
with lead at Is. 4d per square foot. How many cubic feet does ft 
contain? 

13. A cistern is ft ft. long. 2 ft. wide, and 8 feet deep; find the 
weight of water it will contain when full. 
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14 If the length of the edge of a cubical box be 2 ft., find the 
K»t*of painting the outside at Hd. per square yard. , 

15. The length of the edge df a cube y 7'R ft.; find its volume. 

16. How many square feet of metal are there in a Rectangular 
tank (open at the top), 12 ft. long, 10 It broad, andW ft. deep? 

17. An open wpiaie box, ft in side and l£ in. deep, is made otffc 

of a square piece of oiudboai^l I ft. aide i how much of the cardboard 
will be wasted ** ■ & 

18. A bar of metal, ft*n wide, 2 in. thick, and 8 ft. long, weighs 

1 lb.' to the cubic inch. Kind the length and thickness of another 

bar of the same metal, width, and solid content, if 2 in. cut off from 
its end weigh 27 Hr* • } 

19. A box without a lid, made of wood .in inch thick, measures oji '■ 
the outside 30 in long. 21 in. wide, and U> in. deep ; find the cubic - 
contents of the inteiior, and the cost, of painting the outside at 7*1 ^ 
per 8(|iiare foot. 

20. How many culuc feel of legd, inch thick, will be required to 
cover the sides and bottom of a cistern 10 ft. long, li tt. 0 in. wide,' 
and 7 ft. deep’ What weight of wuici will t he cistern hold when full? ‘ 

21. A . cservoir is 24 fi S in. long, li ft 0 in. wide, and 9 ft. deep; ’■ 

how far will the suitace rise when a cube of stone, edge 7 ft., is placed 
in the losei von 7 * 

22. Kind the exjHMiseoi lining with tin the w hole ot the interior of | 
ft cubical ls»x, one < ud of which is t ft f» in , at Is. Kd a square yard.' 

23. A cubical cistern, open at the top, costs In guineas to line; 

with lead at 1* ftd. per square foot ; find its volume. '$ 

24. The external dimensions of a deal box aic 4* ft., 3 ft., and . 

2 ft. If the thickness is 2 in. find the weight of Ac box, specific ' 

gravity of deal being <>3. t • j,. 

25. Kind I he weight of a 1m»x, with a lid, made of wood ^ of an, v 
thich thick, and measuring externally 4 ft. by 3 ft. by 3 ft., the 

weight of a cubic foot living 3S‘4 lbs. * ' 

36. Kind the cost of making a road 200 yds. long and 24 ft. wide, , 
The noil to l«‘ excavated to a depth of 1 ft. at a cost of la. per cubic, 

r inl; rubble laid in ft in. deep at Is Id. per cubic yard *, and gravel 
in. deep at 3a. tid. per cubic yard laid on top. Afterw ards a steam¬ 
roller is used at a cost of 2d. per square yard. 

27. Outside a lawn, 100 yds long and % yds. wide, ft ditch U + 
dug. If*the widtli «»f the ditch is <} ft. find its depth, when the 1 ; 
earth obtained from it is HUtlicient to raise, the surface of the lawh *--r 
distance of 4 inches. • 

* 28. A Dantxic oak plank is 24 ft. long and S* in. thick. It is 7 ia 1 *?;. 
wide at one end and taj*:m gradually to fi'] in. at the other. Find., 
its volume and weight, the specific gravity being "^3, 
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29. A Riga fir deck plank is 22 ft long and 4 in. thick, and taper* 
In width from 9 in. at ono end to 6 in. at the other. If the specifta 
gravity of the timber be *.W, find ft he volume’and weight of th® 

plank. ' t 

30. Find w^iat weight of lead will be required to cover a roof 
48 ft. long, 32 ft. wide, with lead jV hi. thick, allowing 5 per cent, 
of weight for mil joints, etc. 

3L A reservoir is 23 4 in. long* 0 ft. 4 in. wide; how many- 

tons of wafer must be drawn off for the Aiface of the liquid to fall 

7 ft. « in. T 


32. If the weight of a cube of 2 in. edge is 2*08 !!>»., what will be 
the weight of a «ills- of the “nine. mateaa! si in. edge ? 

i* 33. The length of a wall is .'>7 ft. 3 in , height 21 ft. 0 in., tbo 
thickness ‘j\ bricks Kind the number of standard roils of brickwork 
in the wall. 


3i The base of a light pri-un'is a square of 2 ft. (■ 
of the solid is 4 ft The base of *• 
another prism h a square of 1 ft, 
side, and its height is K ft < 'mu- 
pare the surfaces and the \ ninnies 
of the two prisms. 

If the weight of the hist is 
4*26 lbs., what is the weigiit of 
the second if it is of the Mine 
material’ 


dc, (lie height 


r 

I 

% ! 


86 . The dimensions of a rolled 
iron girder are length 1.7 ft , 
flanges 8 in. by 1 * in., depth 24 
in. (Fig. 43); find its weight. 

36. Tn "Fur 44 the cron* section 
of a wrought*iron joist is given, 
flanges fi in. by ) in., depth 12 
in., length IHft ; fir.d it*, weight. 


I2SX23 


■HlPI 


li 


t 87. A nut-iron plat*-. j{ in. thuk, 
ia of the form and dimension;. shown 
in Fig. 46, its height at tin * entie being 
■8 ft. y find its volume and weight. 

* 



. 38. A cast-iron plate, mean 
‘thickness 15 in., is of the 
'form ami dimension* shown 
:jn Fig. 46; find its volume 

;»Odweight. 

fe l \' , 



Ho. 40. 
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35t A rectangular east-iron trough one in< h think ; internal dimen¬ 
sion*. length 30 in , limidth Hi in., depth li in ‘Find (u) volume 
find weight, of waUi it will holgl, (h) \oimtioaiid weight of non. 

» [U.1C.I.] 

40. The «l«'|ith of watei m a inetangulai swmining hath is 2'5 

motive at one < nd ami I .1 in at the i»th**i, tin* hotlom haling a 
uniform >-!*»(•'• It tin* hath is •Jo m. long ami 10 in wide, hoiv many 
lilies of Malm air thru 1 in it,'' | [N.U.T.] 

41. \ leetanguhu plate, hn-adth 7 M t»in , thit km ^ in., weight 
llotij I hi., i*. made of 1-iass. -pncilie gi.mh S 4. Find its length. 

ILl’U.} 

42. ('*> Ho\t mam hunks^D m by I\ m. I»\ .'{ m . ate needed to 

hllild a Mill i \ 1 1 long y It high, ami „ in. thick v ,, 

O') I he length, hi i idth, ami height of ,i loom air », y. ajid ; ft. 
respeem. 1\ I'nnl (i) I In mini Ilea ot the wall-, ill)’the length 
ol the diagonal ol the tlooi, \,t\) the length of the diagonal of the 

>'”»'> j N'.U.T.] 

4& \ sw Miiming lutli i-. do u^long-uid l‘J \d wide The depth 

of water lane- nititoimh lnmi 3 it .u one end to ti Jn-t at the 
other. Find the nunihi i ol • idne !<. t ol w n< i the kith i ontains. 

ILC.U.1 

44. A met.*! sash weight to! a window is to he 2' in Mjii.ue in 

sent ion and it must weigh ;n> Hi Kind its length It I m in. of 
the metal weighs (I IS II. |LC.U.] 

45. Surl hit- ol octagonal sietion ha\e a width neto*. the Hilt 

Hides ol \ in F-timad the wtight ol one toot length ot this 
material, which weighs 4v,i;{ Hi. per mh ti. [L.C.U.] 

Summary # 

The portion of *|in«e inehided under the thus* dimensions of 
Jeugth, hieadth, and tlnekmss is railed the cubical content, the 
i'ohone, or the mtlitlity of a tigiue. 

T*t&J 8urfhce of a Right Prism. lViimeter of haw multiplied by 
altitude, together with the areas of the two ends. 

•Volume of a Cube —If a is the length of one side, the volume is a*. 
Volume of a Right Priam length s bnadth «. depth 
arm of ha <-• a/tit tale. 

Volumelif an Oblique Prism-omi ofhau • altitude. 



('ll A P'l'KH X. 


VOUTME AND SURFACE OF f cyUNDKR. VOLUME 

* and sntr.u'i-; or ,\ frustum of a n under. 

vflu’ME AND SURFACE (IF \ HOLLOW CS UNDER. 

Cylinder.- ll D-l^ Lo n Die \ ..Inin'' ..f a pi i-tn in 

equal to tin* ai<.t <>f the Imm* nui!tq»iu‘il lo * It-* aliunde (or 
|>e| |K-ll<lli uiat ) 

In the ru*e of a i \ Under ill.- Uim* a > n. 

If /' denote the laduw of the ki^e ami h the alli(ude or height 
of the cylinder (lig. IT ) 

A/'i'tt (>f , . i ijlaiic • TT/'~ / h 



JSx. 1. Find the volume and weight of a east imn cylinder, 
18’5 inches diameter, height 20 inches. 

A rea of ha.«e - • ir * (ft *2.»)* -- 2T»H - S wj in. 

Volumer 'JOS'Sx2ft- 3376 cuh in 
t Weight =5376 y -26 = 1397 ’76 II*. 







m WORKSHOP MATHEMATICS. . , 

ffi. 2. A piece of round steel wire 12 inches long weighs 0 65 lb*,, 
and itn specific gravity is 7'8 ; # lind.tho area, also the diameter of the 
wire. * c , 

If .1 denote the area of a cross Miction of tlio wire in square inches, 
Volume in »ubio inchis -12 • A. 

Also iiom Table II, weight ot a culm* inch of water ‘0361b. 
Weight 12.1 7 H ■ *036, hut tl(s is equal to ‘65 lb.; 

12!.* .7‘8 036 •-*6.1; ‘ 

■' li 7«•- u:i.i ,1,:J s, ‘ 

From this (p 361 the duViteter is found to ho J . ineh. 

Lateral Surface, The mm face of a cvlmdei <.>iisist>» of tw*o 
purts, the etii'\(d sin fine of the solid, i;iI1m| the futtml tturfacfif 
and tliiit of the two end* who h are plane < in-lcs. 

If the (\lmdir w«ic rowi'.d 1>\ ,i pi. of tinn pajier this 

when nniolloil would toini .i n< tangle of hen/ht h and Iwise 2 jt/\ 
Thus, if the I iteial sui fu e of 11 \ Ihid-M he com rived as unrolled 
and laid llat, it will toim ,\ int.uej I,' hi .ihm itr>* (Pig. IT); 

.. I.ileial sui f.u e oi i \ Imdoi 

To obtain the whole mu f,tee the .mas of the two ends must 

lw imMi'iI In tljiV; } 

.*. total suifa«.fe\ Imdoi ‘lirrh lirr/ 1 ‘ „ 

Kx. 1. Find the total -nrfacc of a 
height IS inches. 

Liteial siiifm e ir ' 12 l'’ 67N’>V06 sq. in. . \ 

Area of the two ends 2 , n 6* 226‘2sq. in i.’ 

„ .. Total sui taco 67S-;»Sa6 ■ 226 2~fMU 7866*4}. in. 

Experimental Method. -The evlimlei ran 1«* limit up from 

a number of tlnn wood or • aidlioanl plat's, or dim 

Tlie volume of «*m dise . tn he a set l tailed This multiplied bj 

the nnndivr of disc* will gin- the volume of the cylinder, v 

£>. 2. If 20 dh •< are used, i aeh 3 incln* diameter and ] inch ill 
thickness, 11 

tho area of base < f one disc »">(])* 7 aq. in., 
and volume 7 ] J enl» in. ; 

.*, volume of cylinder*- 20 \ 33 cul^ iu. ” 


"" w; 1 ')■ r 

ivlinder 12 inches diameter, 



OBLIQUE CYLINDER** 


* Oblique Cylinder.— By lining a simple arrangement oi|tho 

■'kind suggested in tin* cum* of an oljique prisuif then bv shearing 
the solid ^Fig. 48) any iU%m: uf obliquity can l»o obtained, tin 
volume remaining un.iltcml. 



Hence 


voluhu' <■/ ohl/ifili' I'ljl<!!>{• r Hint nf lull. xt'* V ft. 


Section of a Cylinder, win n 

a pla.no neither pet pcndinil.ir u..t 
parallel to the axis, the m»< tmji is 
an ellipse. 

Tho volume of^t he solidus the pro¬ 
duct of tho area of 1 mm* and aitit nd< . 

The altitude h is the jmijK-n 
/dicular distance from the <witr«> <>f 
>the base AV to the centre of the 
ellipse /?/). 

If points ll and /> an* the 1*»\\• 
*,*Ud highest jioinls nv»jMvtivrl\ : 
the height h is half the -urn 
and VI). 

if we a-suine the < Jmdri to 
‘-be.vCUt by a plane parallel to the 
^raepand pawing through the centre 


'} lindcj OH III) i.s rut by 

<D 



Flo 49.- Frmtnm of acJ■llndeJ! , 


“pf’tbe ellipse, a wedge-shaped portion is obtained which may lx* 
Upfrifcnwi as shown. 
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Ffistum of a Cylinder, -The |wrl <>f a cylinder cut off by a 

filinii’ not fitmilloU tn tin* Ui'nis entiled the frnntnm of a njlindef, 

lu h'lyr, tit the t'lustum >>f n t vlimitr is shown by figure 

IIAflK 

Volumo of Frustum of Cylinder. Tin-, as «ill l«- scon from 
Fig. lit. is l hr ai r.i of tin- Its. tnuIt 11 ilri'd In t ho altitmlc h ; 

• * 

\mI|||iH> BT*’x/f- ~r a ( -- ** 

\ 2 

Where # />.! /•,, 

and <7/ /<,. o 

Cross-Section. The t**im . tn^-srrtion -lmiiM be dually 
undersii•<>il: .‘i mi tmn .i »\ In n\ {<l.ilit* pet pendieular 
to tlm axis of I In -1 Unnlfi i*. ;>•« ii i If : ,tu\ nli|ii|iii‘ set tion gives 
an rllij»t\ 11 * •!*• c, tlir trim «;v</ o/ i /vii-x-sf rfutfi js used to 
indiente tin* aiiM "t a M*‘‘tion (.i (iirlr) at light angles to the 
HMp. 

It is advisable, iii \%• *rki»i«; out anv nuiuernal example, to 
e\pre>s a*, death as {m^ilifo the given quantities in tlm form of 
an equation. \\ l»**n this is dour mm h unneeessaiy labour may 
Ik* avoided In i anedling common inius. 

AV 1. A pirn* of copper 4 mehfs long, 2 inches wide, and $ inch 
thick h dtawn out into a wnrof miifmm thickness and 10U yards 
long; tiinl the dn.metrt of the wire. * 

, Volume «*f coppers 4\2 \ 1 euhie inelics. 

b< ngth of wiie • li»0 ., i‘J -.‘{fiOO inches. 

1**1 if denote tin* diameter of the wire. 

* Then \oIuine of w ire — 1 // 2 x ,‘lt'KM). 

4 

Hence ■, ,*1600- 4 ; 

4 . r 4v4 I . 

” ' ~ ir ». WOO 22.*) v tr ’ 

* d= ■0371) inches. 

Hollow Cylinder. —'ITie volume is as Ik* fore, area of base 
multiplied by the altitude. 



HOLLOW CYUNDKK. 


If R and r denote the radii of the outer and inner circty re¬ 
spectively, /> mul <1 tin* con espousing 
diameteifti ( Fig. 50), t 

ai wi of Inti** -- it JR - 7 rr- . 7 ( R 1 /*-'), 
and volume- jr(/f-’-• r)f, 

THf.l (If -'0)1. . 

To u>o*l«ig.tiitlims, it 1 ^ Wttci t«»« 
write this 1 is 

7,-51 {!> 

• 

m hx. 1. The extern tl durmUi ofh«i] 
low sU'cl shaft i'' I'' indies, its intrin.il 
diameter 10 indie*. (’.deiilati them mill 

of the shaft if 1 he length is IK) *"«< 1 
Area of erosi* are turn 7 s. _ »4 (1H* 10*) 

-WK1S < I0)i IS 10) 

='7S.74 . 28 ■ H, I'n '<0 - Hollow rxlfuiicr 

volume - 7854 a 28 *. K x 30 ■> l’J eiihn indies, 

•7Sal v 2« , 8 , :«KI 20 
wei B ht -- tons 

--8'2 tons 



EXKRCISKS XIII 

1. Find the^iirved *i% fa«e and solid content of n cylinder 8 feet 
long, the radius of the Iuuwj 1* mg 8 feet. 

2. A cylindne.il column is a tu t high, and 1 he diameter of it4 
base is 4*25 feet. Find the total surface and the \ 0 lm 11 c of tlfe 
column. 

3. Find the radius of a cylinder whose volume is 10,000 *cubic 
inches and height 50 inches. 

<L Find the external surface, including that of tin* two ends 8l ft 
cylinder, whose diameter is 40 niches and height 14 inches, 

5. Find the number of square feet of felt, required to cover the 
external surface of a cylinder, diameter 33 inches, h»i|{hfc2 ft. 7 i in. 
find also the internal or rubbing-surface, the thickness of the cylinder ? 
being l inch. 

6. Find the volume and weight of a brass cylinder, diamtter 
12 inches, height 20 inches. 

7. The diameter of a cylinder is 12 indie*, length of stroke 

2 feet, find the volume. y) 





VTOEKSHOP MATSEMATICS. ' 

<y < 

taThe height of the discharge orifice in a lifting pump is ®‘■ 
feet oWe the leve^of the water in tin* well; if the diameter of the'V 
pump bucket in 5 inches, find tin* weighted water lifted per stroke. 

9. Find the volume and weight of the water in a shaft 560 feet 
deep, moan diameter 5 feet, when the shall is half fuK. 

10. If 30 cuhie iin*heft of |m\tder weigh I ll», what weight of 

powder will Ik* required to fill a cylinder of S inches internal 
diameter, length 5 feet v * 

11. Water is ponied ‘into a cylindrical reservoir, 20 feet in 
, diameter, at the rate ol 100 gallons a minute; find the rate at which 

the water rise* in the ie.M-ivoii . , ■> 

12. The internal diameter >f a cylinder open at tho top is 2 feet, J, 

, and its weight in lf»7\ lbs. When filled with water it weighs 213.’ 

lbs. Find the height of the cylinder 
‘/v 13. Find the cost of sinking a well so fret deep and 4 ft. 6 in. 

diameter at an a\eiage out ot 14s. pn euhieyuid * 

v s 14. How many enhic inches tile, theie m a guden roller which hi. 
‘half an inch thick, with an internal di.imci.i ot 20 inches, and 
length 3 ft. ti in ? i 

16. A pond of water n 2."i feet diameter, what weight of water if 
removed w’hen the suifoee of ihc watt r i- lnweied 12 inches? & . 
c' 18. A eylindei. 2 in* h< s • li mu ter and S no lien hi h» iglit, contoingl.; 
..equal volumes of int it tnwatri, and ml It the spet ilie gravity of' 11 
*' mercury he I.T.’ifi. that ot ml 1H3, tmd the total weight of mercury r .'- 1 
'.water, and oil 'i 

* 17. A reetangulai ** steel'' tleck pla»e is li' 3” long, 3' 3J" wide, if'> 

'^nd 4" thick. .\ ciicular pi. t.‘t m diameter is t it out of the- 

•’.centre of the plate. \\ hat IS the w. iglit ot the plate v % 

18, A ft-ineh steel plate I big •>!) is lt» f< t long, I ♦»" wide, at one 
end, tapering to 3' O'" at the fit hit eml, and lias two circular holes 

rt* 


♦ 



Fro. 51. 


n 


.-oat in it, ‘2 feet and !’ 6" in diameter respectively. What is itd. 
t- weight ? 

^9. A portion of a cylindrical steel stern shaft casing is 12J ft. loB]* ' ^ 
v 11 in. thick, and it* external diameter i* 14 inches; find its w^’ v 
{ , 2a What is the external surface and weight of a east-iron 
ffJl ft. internal diameter, 48 ft. Jong, and 4 in. thick ? 




EXKRCI8F8. 


'• h 

21. The outeifcdrcumfcrencc of a cast-iron cylinder is 127 21* iu., wv ; 
the thickness $ in., ami lcm.Mli 3 ft # 6 in : shin* that its weight in ' 
686 Ilia., ami find its intcii^l diameter 

22. A M^bll 5 ft. in diameter am! 30 ft deep is to have a lining of 
liriub (fitted <los*' togcthci wirltoul rum tan 0 in thick ; required 
Approximately in Imu the weight of the biiik*. >mp|M>sing a brick 
9.% 4)x3 hi io weigh 7 * lbs. 

23. Kind the wtight of f<opp.i tulle M ' in. outside diameter, 1)3 ■ 

‘in. thick, iiR d *i ft 10 in long • 

24. What length of a gnu of i'» m Imre w ill he tilled with .0 Hi. of 
powder, of whi<h :tn«ul.ic imhe*. weigh 1 ll>. ** 

25. Kind the surf,ii«, \••Iiini*. ami weight «*fa ea-t iron tylmder, •- 
^illUi ol l).l.se I ft 9 in , height -I ft. 6 III 

26. Wow mam culm* in* tn s of non ajc thcie in a cast iron garden 
roller which is h.il* .hi m< it the k. w ith an outer ci renin tci cm c of fij 
ft. and a length of ."»j It v hind its wtight 

27. A • \Iiudi! m 1 jiipi* It ft long iout'i him 3*U» mb ft ; timl its 

dlailictc: ami the «o-t of gildng Its siiit.oc at !>i. Jn-r M|iiatv foot. 

28. The grt iti’i diamctci of a hollow east iron inller is I ft. 9 in., 
tho tbiekntss of the until l\ in , ami the hngth o ft.; fim! iUr * 
weight, also the Ci»st «»f tin- ndlei at l'!s per iwt. 

29. Tho sfici itu' guilty of petroleum is S“ ; tual the weight of 
petroleum which < m Ik* put into u »y limlet \ ft li in. diameter and , f 
8 ft. long. 

80. The piston of a strain engine is Is imh<" di.um fir, and tho 
effective pre>*me of tin 1 s|, .mi luma h it is loll Hr. jm i Mjiiatc inch ; 
find m tons weight tin tin list o| tin* piston tod. 

SL I" a rectangular plot of laud, length HO ft . width 70 ft., a 
round hole is dijg to retijw* a tank, the mean dnmnsjotirf licing, 
diameter 14 ft .depth lo*i If the earth •«» taken out be spread 
evenly o'er the plot, find by how mm h tho Hutt.uc of tlm plot ia 
raised* • 


; 32. If a cul>e of atone whohO edge is 9 in. in immersed in a cylinder 
of 12 in. diameter half full of water, how far will it i.iise the Mirtkoe ■, 
of Um Water in the eylimlcr ? 

; 33. The pull on the wire in a testing machine is obtained bjr 
rid*ing A cast-iron disc, 16 inches diameter, thickness 7^ incheA../,' 
Riad Mfl magnitude of the pull when it is equal to the weight of tbevfy 

Find the weight of a lead pipe 6 feet long, external and*^ 
fjattfnal diameters 7 ltiebe* and b inches respectively, 
of the two flanges are equivalent to one 

■ .v® 

-*j;85k A circular pond 95*9 feet diameter Ja surrounded by a f«*W%| 
Ijtet high. Find the surface of the fence and tha oost of tarring fb-$ 
at HA, per 10 aq. yds. of surface ‘ 


assuming that ^ 
foot length ajf 
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36^ The length of a coil of steel wire is 977848 yards, and it 
weighs 49 llw. Fil'd the diameter of the cross-section. 

37. A cylindrical gas holder, cloned byu Hat top and open at the 
l>nttoin, has both its internal diameter and height equal to 233*3 
feet; find its volume I let ei mine its weight approx i'.,lately, assum¬ 
ing the average weight of the iron plate to he 2A lbs. jm.t sq. ft. 

38. Kind the weight of a j/ast iion rojjci, internal diameter 22£ 
inches, thickness of metal 1 inch, and length 3 feet 

39. What weight of water can 1 m- held in a hose pipe 2 inches lxire 
and 30 feet long? 

40. The dimensions of two lengths of 3 inch wrought iron shafting 
connected together by a cast'iron inufl coupling are given in Fig. 52, 



Flo M, si, ifN .md n.'ipluig 


the length of each shaft h l"> f.-et; tint! the weight of the coupling 
and the weight of the shaft. 

41. The 10-lh weights for a small testing machine require to lie 
Hat discs of cast-iron 0 inches diameter, with a rectangular slot 
3 inches long and | * inch w ide Find the thickness of the discs. 

42. How many cubic fed of water will be disci larged from a pipe 
in 24 hours; diameter of pijie 3inches, mean velocity of water 
2 foet per second ? 

43. The amount of water discharged c.t each stroke by a pump 

equals the area of the plunger multiplied bv the length of stroke, 
Jf the diameter of the plunger is4 3 in . >tiokc Hi m., and 20strokes 
arc made per minute, how long will it take to empty a full cistern 
6 ft,, wide, 4 ft, deep, and 14 feet twtu-me length, the ends being 
eemi-eirouiar in plan ? [N.U.T.J 


Summary. 

Volume of & Cylinder-area of base >* height - m 3 x h. ■* 
LateraTSurfltoe of a Cylinder^ circumference of km* x height 

~'}rr\ h. 

<■ Volume of an Oblique Cylinder=a rta of hi* x nlttiwir. 
Volume of a Hollow Cylinder - area of liaae x altitude 


CHAPTER XJ. 

VOLUME AND SURFACE OK *A f’YRWHD. VOLUME 
** AND SURFACE OK A FRUSTUM OF A PYRAMID. 
VOLUME AND SURFACE OF A CONK. VOLUME AND 
SURFACE OF FRUSTUM OF A CONE. 

Pyramid. - Let MU'h he on<* of tin* *i\ f .ins of a eul>e. 
Join each of thev* pnnt* to tin; middle punt or centre of the 
nil)© (Fig. 52). It is evident that a 
square )>vi’aiin«l in formed, and also 
that the cuIh? consist* of ^i\ hk-Ij pvia- 
lnida, the Iwse of each pyramid being 
one of the fares of the euhe. Ilcnee 
the volume of the pyramid ^ that of 
the cube. 

If A denote the height of the pyra- 

* * /V J) 

mid, then /< = - where « is length of &i.-v»iniw» «f» 

" mriuiilii. - 

aide, /?(?, of the cube ; 

volume of pyramid-^ 3 , or 3 * * 

Hence, volume of pyromof - of \xw x heiaht). 

or, the volume of a pyramid is one-third that of a prism on thtt 
name lswe and the same altitude. * ^ 

.Experimental Verification.- A model showing how toolrtajn 
the volume of a pyramid may )>e made as follows : 

In Fig. 54, the four corners of the lw*e KFUH are joined to 
pyramid is formed with A as apex and base that of the , 







tMll %*ecni'that, thwo such pyramid can be formed* 
'••/mm a <*uln», by means of three 
suiw-eubd'which mi; rniulf to" meet 
in one ilia#»nal FA. ( 

In thii manner the cul>e ia 
iliviilcil yit<> I In cc equal square 
pwaii’ids. Tin* height. of each 
pyramid will he equal to the 
height of thr rube, and the baso 
of each, one of the faces of the 
cube. # 

11 1*110* / nhunr of no }t . 

\ (•//•> •! of hast' x height), ■ 

\ Ex, I. Kind the \ ohmic »f a Mpi.wc pvi.imid. •ode of liaae 2 feet, 

Sl^htS fll't,. A „,, lllf |„ si . -r: ,. 

\ohime Act • 3) \ cub ft. 

■ The surface area "f a pyramid b til ' 1 aica i*f the l«we (which * 
limy Ih> any |mlvgon), togethei with the area of a number o£ 

t Mangle* whnli foim the faces or sides • . 
of the ligiii**. '] 

If the jmbuou forming the baso bet 
a ivgiilar polygon, the faces ABO^ 
HCO y etc, of the solid (Fig. ftft) consist" 
of equal iso.s. eles triangles. ^ 

The perjHMHticularrt let fall from thef 
\ertc.\ 0 to each side .1/1, Bt\ etc., V$H, 
all 1>«) equal in length ; the length njftjrt' 
lie found either graphically or by c&Icdk' 
lution. 1s t the length OQ be denote^ 

of each triangle »•* - , *■* ^ 

irflfim a denotes the length of the equal sides Aft, or BC } etc. 





lateral surface • 




i.'if n denote the number of sides in the base, 




lateral surface' 


h x a x l 









sran 


or the lateral tyrfitee equal* half i 
plied by the dan t height;" ' /•* \ * /gjj ’ ****£ . 

, total frea« lateral surface together with$he area of the bail 
To obtain ^In* lateral surface when tin* height h and aide^ 
*ba#e a an* given, it is necessary to lunl tho slant height, ? 
, length of (Hf. » 

From the right-.inglci^tii.inglc tfV(j{V. ig. r»."), wo have 

(>(/*-■ OP 2 +/V J ? 
but OP-h and /*'/ " t . 

.. <v ^ 

,/ N v.f^n 

J£r. I. Kind tl”- \nlumc .uni total «mf.ire of n sij.iure pyramid 
side of Ihus* I f»‘i I. Iieight feet 

Aten of I, me I 3 IGwj. fl. 

Volume of ]i\ i.mud ,* 1(1x3 

*2(li| i iil» P ft. 

The slant height \ .">• • (j) .-\*2a • 1 

nsr>. 

The perimeter of the I Nine »■* 4 <4 ; 

t'* 4x4*- r> •.iS.'i 

'i Wateral siyf<ice.- - - - :> ■-13 OH stj. ft. 

Area of |him* Hi ntj. ft. ; 

total Hurlaeo-»43‘0S-t IGsfflHM wj ft. 

V FruBtrim of a Pyramid.— When t 

» i pyramid is cut bv a plane parallel 

to Its Iwsc, the sloping faros an: •$£' 

jj^v. found to consist of a numlier of '’/vSrf 

^(rkpeziurns. / \ ,P 'J \ 

jW ,.Aa shown on p. 131, Pail I., the / \ 

^’area'of a trapezium is the product 

half the sum of the parallel side> \ / P \ 7* 

^Md,thedistance between thorn. \ / 

if in Fig. Wi, / denote the ■■ ■ * *Y 

ilftfe.iheifibtiut the frustum or rf, fnwg 
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trapwum A Bah, i.e. the perpendicular distanep between the 
parallel lines ab and A /?. 0 

Area of trape/dum \ fah+A H)l. o 


If a denote the numlwr of sales in the re$ilar polygon 
forming the base, 


1-ltdill Hiiffaee ^('/A+ -I/>')/. 


isih'i'trf #iirfuir unit of jKThiivtn' of tlo' c/td multi • 

phi'll by /otff thf ilinttuoY hetiriYii flo'w. 

AV. 1. Find llie lateral suiface of the frustum of a square 
pyramid ; the side of the base IS ft , the top smface II ft., and the 
Blunt height 12 ft. 

Here, perimeter of the ends 4(IS fill -110. 

. Ijutdal surface - 1 Hi . -0!Mi sq. ft. 


Cone. As we have already seen, when the base of a pyramid 
is a citele, the solid is called a cone (Fig. 
f>7), and is t hei efore a pyramid on a 
ciicular base, and as hefote : 

Volume of pyramid , 

— of Ihm' x altitude) 

- \rr x/i. 
r -radius of base, 
l altitude of cone. 

Thus, the volume of a cone is one-third 
that of a c\lmdd‘ on the same base and 
the same altitude. 

This result may Ik* cheeked in a lalmratorv in many different 
ways. Thus, if a cone of In ass and a cylinder of the same 
'material, of equal heights, and with equal kmes, lie weighed, tho 
weight of tho cylinder will Ik* found to Ik* three times that of 
the cone. #Or, the cone ami cylinder may both l>e immersed in 
A graduated glass vessel, and the he'ght to which the water rises 
measured. Or, if a cylindrical vessel of the same diameter and 
height as the cone, is tilled with water, it will lie found, by 
inserting the cone point downwards, that one-third the water 
will be displaced by the cone, and will overflow. 




LATERAL SURFACE OF A*COHK.V * 

1 ' ’ • 


lateral Surface of a Cone. If the lv«e of the cone be 
divided into a fmmlwr of equal jiarts .(//, , r • 

BC y etc*. (Fig. 58), then l^y joining j, //, 

(\ etc*., -#> the ierte\ I', the hiteml sui- /jj \ 

ftt<*e of the* s«^id is di\ui«*d into a numl m>i \JII \ 

of t) inngles, VA/l, VH<\ etc 7 i \ 

If a line l»* drawn peifh’iidiculsu* fc> ll(\ J' fy ' -\ 

and jkhsii^j thiough I ; and its leugfch vV y 

,K 7> 

11 ’ „ , J f i . r »8 Intend mirfaco 

area of triangle 17/f '=■*\(BC ' />) •»*»<•'»>«*. 

If « denote the numl>e> of triangles into uhnh the haw in 
dividefl, and -t the length o| H<\ 


'lhen, lateral him face ^ xoji appioxiniatelv. 

Ah the niiinher of paits into vheh the base L thvided j« 
nrieased, tin* plod net mi Ihihidi'm nmie neail\ equal to the eil- 
v uinfereiiee of the l>ase , and l»e» nines equal to the eiii uinferenco 
when the nuinhei of paits is indefinitely ineieased, also p 
liecoinea at the same tune equal to /. the slant height. 

•. Lateral sniface- A irr! rr/ 

Or, we may pioceed as follows , ('ut out a pieee of thin {Hiper 
to exactly cover the lateral mil - 
face of a cone. When opened 
out it will form a wefeir of a 
circle of radius I (Kig. . r >!)y 

The length of are ('!> 

'-^circumfemiee of haw of cone 
te 2m\ 

Blit as we have wen on p. 30, 
f the area of a sector is equal to 
half the arc multiplied l»y the Fio. 5y.-ncvcJ«,pmeut of a 

‘radius, 

/. J-Ateral surface = A((7; x /) « \ (2 irr x l) -- tt*, 
the lateral mrfive of a coup e/juals half ju-rimetor of him multi¬ 
plied by the slant heiyhl. 

1 If * denote the height of the cone, then 

i+r*). 
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Rx. 1. Find the volume ami lateral surface of a right oCn^ v 

diameter of bu»o 87 in., height 30 in. 0 vi 

A iva of l nisc - 67 s / * -'3825*66 *q. in. 

Volume of com* \ (3323*(>tl •» 30) - 3323(5‘6 euV in. 

Slant height \^33 - 3 -1 30- 44‘M. 

Surface -(ir (57 ■ 1733 S3 sq, in. 


Frustum of a Cone. The aim of tlm surface of the frustum 
of a pyramid consists of a numhcr of tia|«'/iunis. 

Siimlailv tlie cuivi'd s iif.uc of a cone may lx* assumed to 
consist of ,in indefinite iminl>erof ti.ipe/imns, the parallel aids* 
forming pail*, of the cimihr ends, and the distance between 
them the length of the slant side. 

Jjutn-iif tnrbu'f .’(sum of eiictimferences of ends x slant side) 
[{~rrl! Klrc)/ z(tl + r)t. 

Where U i-. tin- udiris of the base, and r the radius of the 
smaller end. To obtain the total uiea the areas of the two ends 
must lm added, 

Total arm- r(A* f r)l fr(/c + r), f ; 

Hr. 2. Find the lateial tmifaee and total area of the frustum of jl 
cone; the tndii tin- .■ii'b air II tt and 3 It . and the slant »if 
14 ft. 

iNltoi ill Mil hue t., 11 Hill P.Hor - (113 73 Sq. in. 

Area of the two i ml- jt< II' • 3 : i tUS t. 

• Total a'va (513 7’» • 4ns t 1024'13 sip in. 

Volume. The \olnme of the fnistum ..f a pyramid, or cone, , 
is most easih obtained by the Pnsmoidal JRule, pp. 53, 64. , 


KXHIUTSIX MV. 


1. Find the whole surface and the conMit of a square r- . 

gido of base It) feet, height U»'3<1 tWt. >?'• 

’ 2. Find the weight of , k solid right circular cone of outdrtHlVj 
height (J inches, diameter of base 4 inches. 

c 3. Find the tot.U area uod volume of a squnre pyramid ; fide <&-' 
Ixuie 4 feet, height 0 feet. 

: 4. Find the volume and lateral surface of a cone; radio* 

3f fochw, height 5 inches. ’♦* : -*k..£3 





FRUSTUM OF A CON&. 

5. Find the weight of a cast-iron cone: diameter of lvise T i Alien, 

height 10 incite#. What would Ixi the weight of a lead eoue *u the 
lame dimensions! • 

6 . Fiigl the weight of iff'tr oleum in a conical vfm*l; diameter of 
base 7 inches, fright H imliei Sjk gravity of pet i olenin '#7. 

7. The altitude of a le-v e_'oiml pu.itmd ic S feet. Km h side of the 
bait? is (i feet, find the volume 

8 . A regular p\laiuid\i- a *-ijuan Uise taeh sub of which in 
12*07 mein* long Its volunu Umg 1312 < ubi< im hen, find its 
height. 

9. Find the eontent of a cueulat light i -one, wln*n the diameter 
of the base is 174 inches, and the length of the slope fiom the vertex 
to the bast* is 145 inches. 

• 10 . What length of earn as , l van! wide will be teijidred to make a 
couical4ent lo feet high and luie 12 fe« t ibametei ? 

11 . rite luse of a Mpiare pvramid o<>v« r an an a of Id 4 acre*, the 
height is 4<S0feet. Kind the sole of ihe Mpi.tlr and the volume of 
tlie pyramid. 

12. A uglit pvramid fbas<* a si|ii.,re of 7 imlies, -ide and height 
8 inches) is nit into two parts b\ a plane puiallel lo the buw and 
6 inches from it Kind the volutins <u the two paits and their total 
surface. 

13. The gteat pyramid of Kgypt is 1M feit in So ight and its 
base 704 feet in 1» ugtli Kind the volume hi i nine lards. 

11 What length of eanva*. who h is I >aid wide, will be required 
to make a conical tent S f«etui p« ipernio ulai height, with a radius 
of feet ? 

15. Kind what length of canvas if yard wide m mpiiied to make a 
conical tent 7 yards in diametei and 12 feet high 

16. A piece, of jftper in tfle foim of a < iteulai **e< toi, of which the 
rtulius is 7 inches and the length of the ate 11 iii< le s, is foimed into 
a conical cap. Find the area o! tlie conical mu tare and the base of 
the cone. 

17. Find the numlicr of cubi. feet in a hexagonal room, each sflle 

of which is 20 feet and its height 30 led, which m finished above 
with a roof in the form of a hexagonal pyramid 13 feet high. • 

18. A pyramid has a square Kim*, the area of whub is 20'25 mi. 
feet: each of the edges of the pyramid passing though the vertex la 
80$ feet in length. Find the volume of the pyiunud. 

19. Tbc interior of a building i« in the form of a cylinder iff 40 feet 
radius and 20 feet in height. A cone mm mounts it ; radius of )huh! 
40 feet and height 10 feet. How many cubic feet of air will the 
building contain ? 

$0. Find the area of each of the sloping surfaces of a frustum of a 
pyramid, perpendicular height 0 inches, ami a square base, side 
0 inches, toe side of the upper square being 1 inch, 

; w.m. ti. * 
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21#BSO cubic inches of powder weigh 1 lb., what is the radius ol 
the Base of a cone whose altitude is 6 feet, and whfch contains 350 
lbs. of powder ? • 

22 . The I wise of a cone is an ellipse ; { major axis 4 inches, minor 
axis 2 inches, height t> inches. Kind the \ohnne of tH* cone. 

23. The Imim- of a cone is 10 m. diameter, slant height 13 in. 

Caleuiate (a) hiim of curved suiUee, (//) the volume. [U.K.I.] 

24. The base of a imuk* js i S in. rliaiiietei, height U u 2 in. Find 
(ft) slant height, (l>) volume, (c) ,uea ol curved arnhieo. [U.E.I.] 

25. A tent in (lie form ol a cone has a base !H» ft. diameter, 
height 10 It. Kind: 

(a) Volume ot air the I * nl •will hold. (/>) slant height, {<*) area of 
canvas neresury to make the tent. [U.K.IgJ 

26. Compare the weights ol a sihei coin* and a east iron"Hquare 
pyramid, eaeh of the •'.line height, the diameter of eonc equal to 
Hide ot si|ii;u«- Specific giavitv ol silver is 1 <Iol cast iron 8’3. 

IN.U.T.J 

27. Kind the atea of bather needed to cover a cone, base 12 in. 

diameter, height IS m. The le.it hei m one piece is a sector of a 
circle; find the angle between the stuughl lines. [N.U.T.] 

28. An nor nut is m shape u legular hexagon of 2‘07 cm. side, 

and is I hit cm thick In plan, the distance liom a corner of the 
hexagon to the neatest jHuut on the houndnn ol tli«* hole is 1*38 cm. 
Neglecting the internal seiew, find the weight per gloss of these 
nuts, tile specific gravity ol n.... I. . T•«-*. [N.U.T.] 

29. tun. ot tunli an. hp,i..l mill u ..iiuictil hfap of base- 

fliaillot.-l 12 It. v.itli miles m ;in ms], ,|f Hl t|, |hji i/ontaL 
KstinmU. fn.ni lli.-se lint,I tl,,- „f tin. wuth. [N.U.T.] 

Summary. 

Tolirnu of a Pyramid -Harm of . height. 

L»t«ra) Surface of a Right Pyramid half lie im-imtier of the bate 
Wtlttf/lieU hi/ tuf ,\?ant hotjhf. 

v Fnistum of a Pyramid: lateral surface -4 (sum of perimeters of tbo . 
ends multiplied by the perpendicular distance ktween them). 

Volume of a Cone - ^ (area of base)' height \n 3 \ A. 

Lateral Surface of a Cone - nri ofha*e x tJnnt htighi). 

Lateral Surface of PruBtum of a Cone $(mm of circumference* of 
Uhls x slant side) - t (J{ -t r)8. 
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YOLOMK AND SUKKACK OF A SOMI) KIND. VOLUME 
AJID SUKKACK OK A SOLID SI'IIKKU. VOLUME 
AND SUKKACK OK A IIOLLOU SPHKKK 

Solid Ring. If u with M'litir (\ rotate ul),mt mi ftxift 

OUch Jls All (I* 1*4 Wl), Ml** mi||(| IcMJiK-d I** «ailed u so/i\/ rffm 
culur ring, 01 a solid img. IJv bending a length of 

fund solid nidi,iiubbet, a ring 
«u» that shown in Pig. fJl 
may he ohtaimd. The length 
of Niirh a piece of rnhlx-i in tho 
distance 1H 'from the a sis multi¬ 
plied l*y iir 

,'j, Examples of .solid ring* a it found in cm tain imgs, in amhor 
rings, etc. It \vll he "i^k ums that anv cross-sc< tiou of such a 
ring will Ik* a circle, also that it 
may be considered as a c\ linder, 

. bent round in a circular arc 
1 until the ends meet. The inrun 
UngiA of the ri/timlrr in// /*• 

. equal to 2irC/\ or, th>- cinnm- 
£ ferenee of it, rirt (<■ ir/i< / 

; through the centra of amt of uU 
, ' Me croee-tectione. 

\ Instead of consider ing the wise 
ofjl cylinder lwnt to fonir a ring, 

^ we may imagine a Kit haung a 
rectangular ernes- section t<* l>e 
^bout.iii the same way to fonn a ring as in Fig. 62. 




Fin. CO. 
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1(4 

Alla of a Ring. -Till- surface area of the rfng or curved 
surface mil he equal to the circum ference or perimeter of a cross- 
section multi filial la/ the m-an length oj\he ring. ^ 

If r denote the liidiin of tin* cylinder from which the ring 
may he imagined to he formed, and II the mean radius of the 
Hug, then 

!Vi iunder or < imimfeirm e of < i oss-sertioii 2irr. 


M*an length- 2ttU 

Aiea of nng 'l~r " 2ir//.(1) 

4--/.V.(-) 


K»|. (1) will |»inhahl v he easier t«* remeinhei than Kq. ('2). 
Volume of a Ring. The coinnte <>t a nng is the urcfl of a 

cross-serf not multi fJn <1 la/ the no an length 

A lea of cio*\-<-seetloll -■ 7r/‘". 

Mean length ’ItH. 

:. Volume rrr 1 X 'licit 

■ 'lie* Hr*. .(3) 

In a Minil.il manner the volume may 
he obtained when the cross-section is a 
rectangle (fig. (hi), or (j>. 87) by con¬ 
sidering the nng to fotm a slant Imllow cylinder. 

Ex. I 'I'he t mss-section of a solid wrought-iion ting, such as an 
anchor ling, isi. ••ircleot .*> inches radius, the inner radius of the ring 
is .'l ft : fuel («) the area of the curved mii 'ace, (/») the volume of the 
ring, (c) its weight 
• (u) Here r ; f> lift ■ 5 - H 

Area of curved surface - 4r i v 41 ■, m 
• v-^ go , 4i 

144 fl'|- ft ” sq. ft. 

*(h) Voltino. Area of eross-seetion =ir \ 5" 

Mean length - 2r \ 41. 

g \ volume ~“ V cub. ft. — 11*71 cub. ft. 

(c) Weight — 11 71 n 480 lbs. -5620‘S 11 w. 

• Ex. 2. The eross-seetion of the rim of a cast-iron fly-wheel hi a 
square of 5 inches side. If the inner diameter of the ring is 5 ft., 
find (<i) the area, {f>\ the volume, (<•) the weight of the rim. 

As the inner diameter is 60 inches, the outer diameter will bo 70. 

Mean diameter = $ (60 + 70)=65 inches. 
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101 « 


The rim may lie considered tus n square prism, side of liasc . r >|pchea, 
length w \ 6 . 1 . # 

(«) Pgri meter of «<pmr(* t < 5 20 inches. 

^ Total Miilaie, or area 20 - ir ■ (>.i mj. in. 

l.'WtOir vij in. 

(ft) Volume I a ten of Iwsei • (length) - •*»* ■ * do l»i2.'ir euh. in. 

(r) \\ eight - IO'.Mt s Alii. • 

* K\KI«'|SKS. tv. 

1. The section of the litn of a lh whet I is a r<etangle (i inches 
with* nn<l 4 inches deep, the uinei radius of the mu is .'1ft 0 ill. ; 
find the volume and weight ot the lim, the matt ii.» 1 being east iron. 

2. In a cant-iron wheel the innei diameter of the mu is 2 feet 
ami flic rloss-sect mu of the mu is a mile of d nidus laditis, (iml 
the weight of the inn 

3. The mint duincfct of a wiought iron anchor ring i* 12 indies, 
the eioss section is a emit* I inches ilmmetci ; fiml the surface, 
volume, ami weight of the mig 

4. Tiie eios« si et ion of tin nm of ai.ist non H ) win el is a reel angle 
8 inched )»> 10 im lux it (lie im..n (ii.iinetet is It) fiet, liilii the 
weight of the inn. 

5. The volume of a solid i mg i* 711 12‘* enlue nidus. ami the 
inner dium.t'M 21 III. hex , find the dume'i I of tin- cions ms tlon. 

6. The outer diameter of a solid ling is 12 li indies; if (lie 
volume is .It 2 eulne indies, find l he inner diuuictu of the ring. 

7. Find the volume of a cylindrical i ing w hose tlm knesh is 27 inches 
and inner diameter IMJ indie* 

The Sphere*—A sciaii iiv]e of radius r if made to mUteal mut 
iU diameter as an axis, will trace 
out a sphere. 

Any line nueh as AB or f'l) (Fig 
63) ptuwing through the eentie ami 
terminated Imth wavs 1>\ the mi • 
face, is a diameter, and any line 
such as OA or oC jwissing from tin- 
centre to the circumference is a 

radios. 

By cutting an orange oi a bull of 
eoap it is easy to verify that any 
section of a sphere fty a plane is a 
circle. Tlie section by any piano which passes through the , 
centre of the sphere is called a great circle. 
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awfully i(‘i,ii-riili, iv,| '* T " f raiJm “ ' “ llHul< > lw 

S"rfi(# t) f ,1 , r ' 

Tl , , '"'*■«» w .;;;;.Lj 

il1 - .. 

...---.ho 

vr 

l>.V \r. . .1» multiply this 

■//< (< .. '■/ ■’> <!,„! t/,t‘1‘tl'cnm- 

<' 1 rtfiitiif , 

il " . in I it; ill, I hi' rimimsi-iihing 
.'hi"l"i, (!„■ eili„. jB * 

... " f ''"I"im -• i» shown.. 

. "f the .-vhn.lfr will 

, '■" v ""'f"n-.ur of (he 2w 

imiltiplnsl III the height 2r; 

veil surfiioe of eUinder 

I he volt,,,,,. ,,f llm , 

Ihuds thitt of the 
oi, i.'limlei, 

' S h'«.i;n«seofeyl,„,l,, 1 . r .^ i 

height of ' I lilllle, ■ L l ; . . 

■ , ••• volume Of evlm.ler -> rr i. 

thTi;:!: of 2rri “ ^ -- ■* " 1 , 1 . 1 ,. of 

dedu'iLl'hy " f * f« -V b.'* 

nwnlier of pvrumhh. I,y f "“<5 * ^g° 

.• Mntr« of the sphere. ' IV ‘hrough the 

enough, ™. V 1 h. oinshletvi T,! ht f n,m " K if 8B “ U 

- ■—* ‘ 



Flu. iM.— Sj>lioio mi,] i 
> ftunj<A’rlhiuK cylinder. 


fcwo- 
’iivuinscribing 







SURFACE AND VOLUME OF A RPHKRK. fox 

mim of the lmxes of all the pyramids in equal to tin* n^n of 
the surface of the uphere, and the total volume# of the pyramids 
are oqu%l to the \<»hum9nf the sphere, Hut the volume of a 
pyramid is tne-third tin area of the h.n*e multhy the 
height; therefoie the \o|nmeof the sphete eonsidered as made 
up of pyramids h eqmi^tu the smfa«e of the sphete multiplied 
by one-thyd the ladiua. The -mf.tce of a .sphere haw already 
Ixjen allown to he f.uu times the anti of the hemispherical 
wetion, that 1 «•/**. It will theiefnie he seen that (hr I'alume 
of tht’ Ajtftw, Ill'll/ hr luKinl h,/ Iil.tffi ft!'(<!'<( (ml, film* (hr iimi of ii , 
threat orr/r <j (hr */>hrr>' to/ (hr rath on, a/n/ (alto 7 our-thini l/w 
jproihtft. 

* The formulae for tin* surface and \olume of a spheie assume# 
a mueli more <ou\enn*iit hum when expired in ternm of the 
diameter »»f the sphere. 


Let </delude the diameter, tin 

■nr £ . 


SiJrfari 1 ol a sjihrr 

■ 

TT'/‘. 

IV ‘hue of a *i>hu‘ 


< r,/ ‘ 

(i 


••'***'‘ .( 3 ) 

hiT>m Kq. (3) fas o i> one-half), the tr/./inu naah metliod of 
quickly obtaining tin* f ohmic of a spln ie is iradily obtained 
i.e. fo find Me roh/i/ir of a iijihrrr (n/.r half (hr mll/mr of (he 
cvbe on tht' iiutnotrr Oml <hhf ;» /><’/• rr) t t. to it 
* 1 • 
Ex, 1, Find the surface, toluinc, and weight of a cunt'iron ball; 
radius 8-25 in. 

, { y Surf nrr - * x 12 ,r wp in. 

2 log 12 5=21938 

,* iogT ~ -4972 antilog 6010- 41409 

2*8910 . Surface ~ 490 9 wj. in. 

Volume - v>23fNf cub. in. • 

3 log 12*5 =3*2007 

log-5236-- 1*7190 ant dog *0097 - 1023. 

31)097 .* Volume 1023 cub in. 

Weight of ball fv.ilitrm-) ✓ (weight of urUt \olutne) 

— 1023 x *26 lbs. = 2(Ki lbs. 
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H&Uow Sphere. If the external and internal diameters of a 
hollow upbore 1m denoted lsr r, and r, iv.s|>ertivtdy, then the 
volume of tin* nmteiiul forming the k|8k*io Mould Ik: ■> 

\nr,' |rr/’,<>i 4 ,7r{r,‘ - r., { ). 

Thin may l>«: replaced l»> it< «•«(m\.il«*nt 

W'W -</.> 

A>. 1. Kind thr weight of ,i eu-t non hall, cxtonAl diameter 
9 inches, internal dutnclet t iik lies. 

Volume 1 I'j 04) - '.WHO a 695. 

Weight ot hall - *r»23tj (Hid • *20 ~ !Hi Him. 


KXKKClSKS. XVI 

1. Kind the mu-face and weight ot a east-iron hall 7 inches 
diameter. 

2. A hemispherical basin (Kit;, (id) 
holds 1 gallon of water: find its internal 
diameter. 

3. If 30 cubic inches of jiowder weigh 
l lh., show that it will require neatly 
9 llis«. to till a shell whose internal 
diameter is S inehes. What must he 
the diameter to contain (i) 10 lbs., (u) 

37’MO lbs. of powder ’ 

4. A spheiical eaat-iron ball Id inches diimieter, is melted down 

and east into a conical mould, the base of which is 20 inches dia¬ 
meter; find the height of the cone. t • 

5. A Sphere has a radius of 2df feet; find its surface, and deter¬ 
mine the radius of a sphere whose surface is f of that of the former. 

0. Kind the diameter of a hemispherical cup which holds half 
a pyit. 

7. How long will it take to fill a hemispherical tank of 10 feet 
diameter by a pipe supplying 6 gallons per uunuto ? 

8. What is the volume of a sphere when its surface is equal to 
that of a circle 4 feet iu diameter? 

9. Determine (i) the radius of a sphere whose volume is 1 cubic 
foot, (ii) dt a sphere w hose surface is 1 square foot. 

10, A sphere, whose diameter is l foot, is cut out of a cubic foot 
o£ lead, and the remainder is melted down into the form of another 
sphere. Find the diameter of the second sphere. 

11. Determine $he number of yards of material, 3*259 feet wide, 
necessary to make a spherical balloon containing 1000 cubic feet 
of got. 
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12. What is tin* weight of a hollow sphere of cast-iron, inside 
diameter 1$ feet, and thickness 2 inches? 

13. Fiml the weight of an Iwill contjioNcd of a cast-iron sphere 
8 inches in diameter, coated with a laver of lead 7 inches thick. 

11 Find the weight of a mcfhl shell, the evterior ami interior 
diameters l>eirig 10 inches and h niche* rcsjH‘cti\cly , sjieciHe gravity 
of the metal 7 21. ^ # 

15. The ^eights of two spheres, uhnh ate solid and made of the 
same mutenal, are .'>12 Ihs. and 7211 lhs , retpe. ti\el). If the radius 
of the first spin re is l(» inches, what will it cost to gild the surface 
of the second sphere at ! ,M. per square inch 

16, i' 30 cubic inches of powder weigh I lh , find the intern*! 
daintier ol a spherical shell that is just filled by 37 til>3 lhs. of 
powdey 

MISt KLLANKOrs KXKItCJSKS. XVII. 

1. A wiought ii<»u hollow jsuito«ui, thnkiKHs Jih inch, has a 
cylindrical bod) 20 feet long and l,* ini»pherieul ends, if the outside 
diameter is 3 ft. 4 in., hnd its weight. 

2. The .him of the sector of a circle is 22 M) .707 square feet and 
the radius 33 .1 feet, tind the length of the aie 

3. A wtought-mm hoilet is made in the form of a cylinder 1 foot 
radius. The ends of the Isnlci air hetnisphcrual, the length of the 
cylindrical part of the boiler is I feet; find the weight of watci the 
boiler can hold. 

4. Find the surface and wdume of a regular pyramid on a square 
base, aide of base 0 inches, altitude H inches. 

5. An area oj 200 square yards has to la* covered by a conical 
tent hau'ng a height of 7^ feet; find the amount of lanvas required. 

6. Find the radius of a cyiindiical vessel 11 inches in height, 

which will contain as much water as two cylindrical vessels, rodimf 
of the first 0 inches, height 1 foot; radius of the second 8 inches, 
height IJ feet. * • 

7. A cylindrical l*»ilor with plane ends is internally 15 feet long 
and 4 feet diameter, and is traversed lengthwise by 50 tubes, cash 
3 inches external diameter; determine the volume of water the 
boiler will contain 

8. A leaden sphere 1 inch diameter is l>eatt*ii out into a circular 
sheet of uniform thickness of j‘ )( y inch. Find the radftus of the 

sheet. 

. 9. Find the weight of " hollow cast-iron sphere internal diameter 
2 inches, thickness one-fifth of an inch. 

10, Prove that the area of a triangle is half the product of the 
Twwe and height, and that the volume of a right-circular cone is one*; 
fhird the product of the area of the base, and the height. 
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l|[ The radius of u sphere is equal to the radius of the base of * 
cone ; find the height of the e^pc when its volume is equal to that of 
the sphere, # 

12. The slant side of a cone is 25 feet, and the area of*t8 curved 

surface is 550 square feet; find it« volume. ^ 

13. If the surface of a cube bo 491 '.'JlMi squaw inches, what is the 

length of its edge? , $ 

14. A cistern is 9 ft. in long, and 7 ft. <» in. wide,•ml contains 
<i tons 5 owts. of water ; hud the depth of the water in the cistern. 

15. If a reservoir of water lie f> ft. 4 in wide and *2." > ft. 4 in long, 
how many tons of water must be ill awn ofl in older that the surface 
may sink 7 ft. 0 m '' 

16. The b. isc of a cone is an ellipM*, major axis S inches, niiifor 
axis ti inches, the height of the cone is Id inches ; find the vBluuy), ' 

17. Kind the numbci of gallons of water winch pass in ten seconds 
under a bridge, the stream being 10 ft 11 in. deep, 17 ft. X in. wido, 
and its velocity S miles per hour. 

18. A plate of metal is lOti'.IN inches long, 141} inches wide, and 
2 inches thick. Supposing it to he melted ami cast into an exact 
cube, what would In- the edge of the cube? 

19. What weight of lead will l>e requited to cover a roof 48 foot 
long and 32 foot wide with a shoot of load inch thick? 

20. The length of a field of 50 acres is to its lue.idtli as 4 : 3; find 
the length atiu breadth. 

21. In a schoolroom 77 foot long and 32 feet wido there is a raised 

{ datform with straight sides and back and a semicircular front; the 
ength of each straight portion of the platform is 10 feofc. Find the 
area of the floor not occupied by the platfbrm. • 

22. If a cubical cistern open at the top costs 15 guineas to line, 
with lend at Is. 9d. per square foot, how many cubic feet will ill 
contain ? \ 

23, Two thin vessels, without lids, each contain a cubic foot/ 
The one is a rectangular pnrallcloptpcd on a square base, whose 
height is half ita length: the other a right-circular cylinder whose 
height is equal to the radius of its base. Compare the amounts of 
piaterial w hich it would icquire to make them, the thickness being 
the same for each. , 

24. Wilt or is flowing at the rate of )f> miles an hour, through ft 
pipe 15 inches in diameter, into a rectangular reservoir 187 yards i 
long and .84 yards wido; calculate the time in which the snrface 
^fill be raised 1 inch. ' 

Sffi. A gravel walk 6 feet wide runs round a grass plot 60 
long and 40 feet wide. If gravel m 3s. per cubic yard, find the ootf- 
of a coat of gravel on the pajli 3 inches deep. 



SUMMARY. 

26* Find the rpdiusof a spherical Isillnoii which contains 179*JI|'21 
ottbio feet. w 

27. A qglid metal sphere#! inches diameter is formal into a tube 

1 inch internal diametet and 4 fwt long; tind the thick ness of the 

tube. • 

28. Find the lateral surface of the frustum of a rone, the slant 
height of the frustum Is iijg 23 feet uyd the diameters of tho two 
ends 5 feet ^id 27 fwt respect! v ely. 

29. Water is flowing at the rate of 10 ftliles an hour through a 
pipe 16 inches diameter into a rectangular reservoir 107 yards long 
and 87 yards wide ; calculate the time m which the surface will l>e 

t raised 3 inches. 

fl). A rectangular reservoir whose length and breadth are 133 feet 
and 07 feet respectively is suppln d by a cylindrical pipe, diameter 3f 
inohes, through which the water i mis at the rate of it miles per hour; 
find how much the surface will l>e raised in 11 hours and also what 
number of gallons will lie poured in during that time. 

31. If a l Mb. shot Ik* of 2 34 inches radius find the weight of a 
square plate of the same mutenul, ea- h side of square being 3 ft. 3 in., 
and its thickness 1J inch. 

32. Find the cost of building a wall 100 yards long. 6 feet high, 
and 18 inches thick, nt l* 10 per rod. (A rod of brickwork is lfty feet 
square and 14 inches thick ) 

33. Kind the weight of an open slate < intern 4 fe'*t deep, 0 ft. 4 in. 
long, and 2ft. bin with, the mean thickness of the slate Wing 1 
inch and specific gravity of slate 2’8. 


Summary. 

• % 

Barfkoe of a solid ring -The area of the curved surface of a solid 
ring is 4t s /iV, where r is radius of crons Mctmii, and /* is mean 
radius of ring. ' 

Volume of a solid ring. The volume is the area of cross section 
multiplied by mean length of ring -2 t*/-7(\ • 

, Surface Of a sphere is four times the an a of a great circle - 4rr* 
'where r denotes the radius of the sphere. • 


Volume of a sphere.-- Volume of a spheie is fj rr‘, where r is the 

radios. 

; Circumscribing cylinder. —The area of the surface of » sphere is 
equal to the area of the circumscribing cylinder ; the volume of the 
sphere is two-thirds that of the ciicuinscribing cylinder. 

Hollow sphere. - Volume of a hollow sphere is r,*), wlioM 

jr t eod r x denote the external and internal radii respectively. t 



SKCTIOX III.—A L<J KBit A. 


(-IIAPTKR XIII. 

FACTORS. INDICES. 

Til k elements of Mgclua have been ahead) explained in Parti, 
of this woik. In ,i<lililinii t«> w 1i.it is there ptesented, Home 
know Inline of f.it'tnix must ho obtained hefoie the student call 
lio|H* to deal smrossfulK with algehtaic expressions and their 
simplification. 

Factors. When an algebraic expression is the product of 
two or uioie. ipMiitities, each of these quantities is called a 
factor of it. 

Thus, if /+j he multiplied by.) 4-0, the product is 

.i 3 +ll.r + :Kfc 

and the t wo ijuant ities e-t-o and ./•+(» are said to he the factoin of 
llr+JR 

The determination of the factors of a given expression, or, as 
it v is tailed, the resolution of the expression into its factors, 
piny he regarded as the inveise process of multiplication. 

Tim following i< stilts, easily obtained by multiplication, occur 
so frequently and are of such great imjHu taiiee that they should 
be carefully rememWed : 

(*» + 4- b) «»V (// 4- 1>)‘ ■= <r- + '2<ih 4 -lr. .(1) 

(</-/>)*--V4-M .».(2) 

The results are true when any other letters are used instead 
of a and b. We can write with equal correctness 
(u.’4-y) s *^4-2xy4-y 2 . 





FACTORS. 


Or, The square of the sum of tiro quantities it equal (o the^um 
of the squares of the quantities mereased hi/ (wire their produce 

Similarly, The square ol^the tiijferenre o f tiro quantities it equal 
to the suii?of tjie squares of the quantities dnninishni hi/ finer their 
ynnhu't. 

By multiplying {>•+//){> //) we obtain .»--//•*. Conversely 
given .r 2 -//- we ran at ofln* w i itrd«twn tin* factors as x f y and 
x-if. Tln^ first of tlu-sr trialloii' may* 1 m- expressed as - The 
prmluet of the *uin and tin dijl- ft H‘ >■ oj tuo uUmbers is equal to the 
difference of tin <r squads. 

Ex. I. 4o a :«* (40 *:«)>! to :»)- 71* • 1 7». 

Ex. ± lOtMl- flits■ (I not) !Kts)(IdOO DOS) IflftS 3996. 

Ej. 3. Tn obtain tin* fa< tors of »• t/ 4 . 

First ( r* i/M (i -1 //-’) ( j j i/-). 

Alto aa t" ;T 1 1 • y >1 1 >/t, 

we can write r* y % (/' • //*M i - </)t* »/) 

Ec. 4. Multiplying a" ah ■ h- b> >i • h, tin ptoduct is found to bo 
a' I h 

. a* « h x la t h)(a' : ah fr). 

Similarly «i ! /»* ia h){a : i ah i Id). 

The quantities (a • h)(u- ah h J j ,tir tin* fiutors of «' • /r*, and 
(a- h)[a J i ah + 6 s ) arc the- f-n tors of a' h'\ 

Generally a n + b u is d*isib|o by »/f/. when n is an odd mini* 
her, 1, 3, \ rtr 'Huts, m Kx 1, v is 3 

Also a"- h" is divisible by a - h when n a*> befoie is an odd, 
numlter. 'Hu; cast* of n -3 is shown, anti bv art mil division, 
assuming n to Imj any tsld nurnls-r, the mb* ntn Is* further 
verified. 

When n is an even nunilK»r, 2, 4, et< . it Mill Is* found thRt 
a*-IT is divisible by ls>th (a +/>) and (a h). 

Ex. 5. Let n 6 ; . a" - 6" become# «* - !/' 

We know tliat a 8 - /^r=(a 3 + /i 3 )(« -1 • /»•*), and in Kx 4 the factors o( 
(a*+ 6*) and (a*-6 s ) have been obtained. 

Hence the factors of a* - tfi arc 

{a + h)(d 2 - ah i 6*i (a - 6){« 2 t aJi t 6 s ). 

Thac o* - tfi ia divisible by both a + 6 and a 6. 



WORKSHOP MATHEMATICS. 

, ^i* 10n th® prowling simple examples are clearly made oat it 
ui advisable to consider the more general expression «»*4" and 
to find that: * 

divisible hy ,1 f U when v is odd. t 
«* - h" „ „ „ I, 

11 ^ " •' ( ls»th o-|-/,giid n~h when n is even. 

Vw eases whole# £ t :!, I, ti Ime already heeti taken. Other 
vidues .it II should he used and more , omph-te lei ilieatioiw he 
obtained of the rules nine, 

Hy multiply mg., +2 !,, , +;(iveohtam d+hr+C; 


••• (' '■ t :ty o-+5/-4-fi. 

Hw»w «iv,.i, the e\|M-, W i„i, /*->:„ + f> to find the quantity 
jr h»,m the fart ms of (he s'lvrii rvpivwMnn, we find that: 
The lint term is the |n,«luet „f , and e, or 
” ^st o o 2 a ml :i, nr c, 

. ” •’ ■> the tint trim, and the sum ■ 

of 2 ana 3, or or. 

lWeding i„ this manner the fa, tors of a given expression 
iro readily obtained. 


Ex. 0. Resolve into far tort x* f ^x -i 12. 

Here tlie two mnnhers lo.juired must, have a sum of 8 und a 
product equal to 12. Of stn li pairs of numbers, the sum of which is 

lT .‘I!’, . 111 “ ,uI -■'"*< *'»■ i»»t ,»ur have »*- 

JTOtiuet I— lienee the taetois re,pined are *■ 

(j-‘2l(.rl«). ; 

Or, we could write the given expression 

1 r 1 i Sr t 12 a., .,a , •_>, , (ij . |o 

Paking out the quantity common to two terms we obtain 

w(a- rilafijj- f.J). 

lus shows that x t 2 is common to both terms, hence we may write 
» r I Sr i !•>..(,< 2l(.r.(!|. 

iBx. 7. In a similar manner, 

• Jfl -ftr4 2«-j«. Px, ---br , 20 

-'■*■0 ■’>) Hr 5)-(.r •4 )(t-5). 

*X. 8. jAs Ihr fSUwva** Sr t Ar i ,Kl-. (, r x5)(.r+a). 



* FACTORS BY SUBSTmmSK. tlj 

Factors obtained by Substitution.—Tbe facto* in the ore- 
ceding and in other example* may also lie found by nubfttituflng 
for j? some quantity which will red tee the given expremwin to 
*ero. SuA a quantity ik u*f;ietor. Thus in i Jt -l).r+20 the last 
term suggests^ hat two ».f the following, 4 and 5, 10 and 2, «»r 
SO and 1, are the f.ulois. but the middle teim denoting the sum 
of the numbers gm-s 1 and - f*. 'tyi iiMeit.un if I and 0 are 
the factors, put ,r - i; 

n; ;w>+20.- u. 

Hence x • 1, oi r- 1 « h a f.n toi. 

. Similarly putting ./ - we ol.t.nn iff* t. r »go -0 ; 

/. ,i -i*» a fa< t'T. 

Hence /’ - 9r + SO -(/• - l)(.i 

AV. !>. ,r- • <Lr 

Futx= - 11 : tin-* reduet h the gi\en o\picHsion to zero; 

,rf 11 18 .i tutor. 

Next put x - < .», and it is found to Ik* a factor ; 

. a J Hw- .M-(xtll)(.r f»). 

The preceding examples invoking x- and x are known tut quad- 
r&titi equations, the fat'tore are called in ea< h the roots of the 
equation. Thus m K\ !1 the two t.diicK, ./ 11, x f* are the 

roots of the given quadratic equation ; in a Miiulai manner the 
two roots of the quadratic 

• x 2 9.in* 20 arc x - 4, x ~ Si. 


EXERCISES. XVIII. 

What are the factors of the following i\pr<KiMons: 

L x 3 - 16r -57. 2. H»t*. 70/ H. 

y JL *•-!&-83. 4. Ib a i7.v 14. 

5, 10** bx- 2. 6. s 2 - is 4y*'4. 

7. a s -3 aV> + :iaW 

- 8. Add to a 2 - '2nh a quantity of one teim ho that it is exactly 
divisible by a - b. 

■- .Find the factors of 

r.' (I) **-7x-44: (ti) j 2 Hr 102. 

+ Sy 3 . 1L - 14. 
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P 

Find the factors of 

l|, rty * I•’■>*!/•'+•W 1 ' 13. (« + 3A + 2f)»-9(2a + 6-c)». 

14. (i) ftr* f Ary • fly'-’; • (ii) r‘ - llfcrtyi 42i»y 8 ; 

(iii) (« t 2f» + «V) 3 - 4 (o-I- U - c) 3 ; (ft'| SI jl * - 625/. 

15. 2U* - I .In, 2(1/. 16. (■• * .«/'• ’ 

Deduce without division the quotient of 

17. .r" t IftiV * ~»<h/ H >>y»>- 2»y * 4/. 18. 1 l.r 2 + 75x- 14. 

Indices. ’Hie nuinlier uhnh expresses the pmver of a 
quantity is called tlie index. Thus in </■’, <c, <0 the numbers 5, 
7, und 0 aie called the indices of //, and are read “«/ to the 
power live,” “// to the powti seven,* etc, * 

Since rr'xd- (ox./ x </)(./ x-0 o lf * o’, we may say that in 
the ease of po*th\c whole numhcis. to nmltifih/ tmfether dijf<T*nt 
jxurcrx of the *tiim t/iioDfif//, if i.< onhf neee.«itn/ />> add Oia index 
of one to Ontf ot On• otlo'i' II lo'ii our jtou'rr m dn'ti/id h/f <UlotllW , 
(hr index of thr dtrhor m sithtriii ted from the tnderof (he dirideud. 

'Phis may he written in a unue oeneial manner as follows: 
ii ,H (it x it x it... to/// factors), 
when m is a positive integer. Similarly,’ 
o" (o \ it x it... to n factors); 
o”‘xo" (</ x n xit... to in iiu-Uns)(itx<rx«... to // factors) 
('t x o > tt... to /// + // fm tors) 


Ex. 1 . (/|-) :i (*l\r|)‘ 

- (o > n)(a ■> it)(n \ a)-a fl , 
or in words, the eui>c of <c is equal to n". 

'This most important rule has been shown to lx* true when 
ami it -2. Other values of m and n should W assumed, 
and a further verification obtained. 


Also 


fl 5 _ifXilX(lX/lX(I . 3 2 

<l' J It XU X it 


.. , a ” 1 a x tt x a to mi factors 

tunnlurlv f „ -<* 

0 ox ox u to it factors 

It is found convenient to use l*oth fractional and negative 
indicm 




INDICES. 

in written as r»^, 
sfa in written as *A 


i, 


\ >< 
I 


Thu* 

Also 1 

And 

% v " . • . 
The tncigiing attwhed to fractional and ncgntitc indices M 

such that tin* jiH'Himjs i ill** holds foi °thcin also. When one j 
fractional jmwcrof ahjiuntitv is multiplied hy ntiother fractional 
power the indices :ne added, and when one fractional |>ower i* 
(JjvidiU 1»y anothei the iiidiets me hi I it railed. 

• ,,} X „S S 

, » « , 

»' 1 » • I ' l l i l t * i 

a ■ x o // \ n • x •! > o ' <t 1 1 it it. 

Tims, the In* .mine to attaeh to t/- IS (he HjM.lt** loot of n ; to 

in the cuhe loot of a equated, and to h the . ul>e r*w>t of </. 

it 1 i -l \ \ t * 

J 


# Again 


Also 


I. 


« Since a ,n x «* 
be 0, then 


• - 0 . The general foi 


' is tl lie fill ail \.dlle 

•C y "" ". " m * 


of m and }t. If n 


I. 


hi is tt "* 


a Hence 

'"Which is lead as the « ,h uni of n (<> tin* j>owet m 

Kx. 1. Explain why the prod net m a u whin */’■ i* multiplied by ’, I, 
• -(J?, and why the quotient \< o' when a" is divided by <P. , *\ '''■ 

\f' it a short wn> of writing a -• a / n a a. and a -imilat meaning 
^■•ttaclinl u>«' ; . „, s 

» «* a - a • . to S factors _ 
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Also fuul its value when a- 7, h~ii, c< ‘2, w~2, n- l. # 
/ /»(■ \ m * "/« \ m y II \ ** / /«A «•, hr \ " / « V" / « V' 

Ui W W UM-JwW 


Niimeiival \uhie 3 J ‘2 IS. 

fir.il K\pluinuh\ (»r-)' i#r*j- a 1 '. 

(if ") 1 (it . ii)(<» n\[n n) In n «)(fi fixa) 
(y/'i- o\ 

fit. 4. Simplify (a-h ) 1 («/*“) 5 : (»-/»V 


(f/‘ 


/< */»- r/ 7/‘ 1 


KXKRCISKS. XIX. 

1. How arc tin* squaws uml ciiIh's of numbers ivjuesented in 
Algebra? Show that n' • ir ami prow that >r ] it’ u~. 

2. Kxplam lilt! meaning of it-, n. o"‘, n H t a 

3. I*iovt! that a"‘vW--a''*ami <t m • also that 

(«")'* .^t"*’*. 

Simplify k 

\ t ,» v)i-fv, [ntyt^ r (ft-' \<a^)‘ 

* (niy* ' ’ (<» 

6. Ir * f x l >! ‘ ‘ h 4 hi 7. •»-'* ,V ' '.J' 1 " x J, ~ a , 

JS. Finil the prmluet of 

n.r^ 4 2n \r- • 4.r* uml a - 2a^ 4.r-. 

T 9. Multiply 9ft f flo w .r 6 < 4.r^ by 9rr - 6<i 1 -r ^ + 4n^ar. 

\ Simplify 

■i i J* 

/ 10. (ifx'TfwW; (i.) \136; (in) (n" 


ii. [n 1 /i i (.r , r 1 r J r s - 


12 . 


(.!v+av+«) 5 


«)’+<i) s +'4 

13, aWM-aW. It 

16. y ‘'(I'ACrlc 1 )f '='(IOK,.- 3 (.’<-‘). 



MISCELLANEOUS EXERCISES. 




MISCELLANEOUS EXERCISES. XX. • 

• 1. Arid together .r * y, ij- -y 5;, *?y 2r t and multiply the 

result byj y 

2, (i) Multiply i' 1 2** / 1 by i' i 2r 2 x 1 , and (it) divide 

(a^-for-MiRr 2 jr Hi l.y (/ *2)iV- 10ri2l). 

3. Determine the lii^lutt factor which will divide ojieh of the 
expression s 

X* ~ ICUH 9. x* \ 1 r ] ■ lit' 7»- 12, an. I* / * 1 2r’ lfu"’~ ‘Jr i 15. 


4. Simplify ~ ‘ 

J is- * 2)( 


IF 

’ It*) 


4*(. 11* - {* * 1}(. ) I)' 

Hi) 


6. Multiply Ji' - |j-‘ (*/- s i 1 i(I* :> i.\ /’ -j, i. 
b 0. lytul tilt algehi.iie e\pie*MoU ml h that when it in divided 
by,o’-’ uti t 5 J the win.ti. nt is tr 2no ■ 5- and tlie renminder m 
•2nVP. 


7. Show tlmt <" >i ' is divisible l*\ x <i ; tmd the (piotieiit 
when ii 5. 

8. Find the value of 5i- < j - when / 5 


9 . Find the value of j ! 4 ‘ > r 1 wlun j 5 

10. Simplify (a , 5 • < r i»/ U ■ j (»/ . 5 ,)-' ( „ ; /, i 

11. (i) Divide Jo r 1 - o ./ ■ ‘Jo 4 hy j : '.\nx • 'Ju 1 , and 
(ti) multiply tlie (plotlent hy ./' rn > n' 


12. If r I-y-2-, show that ' , !/ 2. 

x v ; 

13. Obtain an expression vvlmh will divide Imth 4. ’ t-.V 10 and 
ix 3 + ”x : - 3.e 15 without reumindei. 

14. Divide <2))A -tf l.y*(3.-;/)(!./■■'-■ Wry • y- I. 

15. (i) Multiply nr ! • >u f 1 by ~ -nr i n ; 

(ii) divide 

x 4 f Sar* (h 2 l -» - 7)«V 2 -- fwwV - <V/‘ l»y x : - (it - *2) a r ■ 2a 2 . * 

16. Show that (.r - 2) 2 is a common faeUir of 

x 7 - 6.» 4 r Kir 1 - 12 r* 4 4. ,% * and fu;" j Hr' - 4a 

17. From 3fa - 25)- 2(2r <l ) take 2(a 25) 5(2 r~d), and find 
the value of the diflcrctiee when a - r-h t d and t 1. 

.18. Prove 

Hiry* y x 

IS. What values of x and y will make ax hy and for - ay a 2 f 
20. For what value of r will the two following fractions become 
®S.ttaL; . 2r-a ( 2rf3ay 

• 4: 3z-2a’ 3r+2a 
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a. simplify 


22. Prove that it y-.. , r - r -' ^ 

<thr (• a I h | r 0 . 

23. I'iVpiVMM in (ftctorH tlu‘ tliri'c ijuimtit i»-s 

■l<» a -!l/< 3 , -'livfcf «/,-•, 4 k-- OnfM 2/< 3 . 

24. Fmd Uic hlOtOMot 

('f> Ma ! t -'T/d, |/,) •_'» * 4 11 . 1 \ Xi fU.KL] 

25. U rili' (liovii tin* tulliium^ |»i( mIiii K 

*>?' <• 1 ** * *»(*> - ^ »,i 


('•) • //" I Xff 1 y-y 

27. ('< I It) r (a | h)y mill .i ’ .*{.»• i '> 

28. r»0-7r m : I Ur I :{i», , 1 . J7 

29. If a I, .*{ 7, find tin \,du- m ,,h 1 /,J 


v5 <«■ *?>• soi ; 

v s ■ !/ U..C.U.J 

IL-l'.U.] 

H-.C.U.J 

l,r INMji.J 

30. Ellul .. numbe. uhoieSt.mm „ tu (tinea ,|... number 

IN.U.T.] 

Summary. 

Factors -\\ lien .in .dyel.r.uc mmiat, „f t | 10 nroduefcot 

.... 

““■ - Tl l" the t..|. ami’to the richt of » 

^ ,Ik ' “ 'I'laiitlty, is called the .• 

JfultlpUca tlon. - To multiply tmreihei dill.-rcut i...n „f t h» ■ 

!X of’lhc^i, 1'" '*••• ^ " f «'« “> 

“" + l ‘" Is divisible hy a p A when « i««n odd number. 

.. . n-b „ ia mid 

.. loth n l I, and a I, nhen n is oven. , , 

.. ^ ” l,,n n,u * «Hir«'r»‘in» of two mnnl>ora is 

the nim'iYiK'c of thoir sounret* ^ 



CHAPTER XIV. 


A ITROXl MATIONS. KRAI TlONS. 

Wft linve ulic.it 1\ fi.uml that 

f/* 

and l'V mult»|*l\ a^ai'i l.\ -/ *-/» hi* i-l.lain 
W-t »• * 3./-7. t :W«- | A. 

It is w*cii at «nif«* that •»"im- i]i tiinii .ti nit'iit. ii| the 
Coefficient* and indi« e** . ,«.ii !«■ ip.id* »o that <«ii <>1 )i« a i power, nay 
(a + b)\ can U* unttcn down the im th.il used, ,md called the 
Bifitmial Thrnrriu, j> \.|\ inipoitalit The idle should l*i 
Applied to the o|R*rat ion of cxpuudii.i' “cxeial simple expressions, ’ 
tiueh an ((i+/i) J . + et« , .tnd .ifteiwaid* roniinitted to 

memory. 

<.. + *.«. + *-; v<" 

Take u=*2, then 

•i n -and ' *, '.-itih 


1 .2 
r-‘/i 




Hence Oi+h)* 
Take «—3 , hen; 


•2ohl,-.(-> 1) 


1 .2 
./’■V; 

1 


»/* K*2»»A+•&'-. 


--■.V-7;, He. 


, , v , , 3,f*/» 3.2o/d 3.2.1 * 

.•.(«+/, )■->’+ f !. -j +, . a .3' /V ' 

-- a 3 + 3*# 2 A -f 3r//A+ fr\ 

SfcA# 1 .* httndy check, the leader should notice, tlmt in each ten 
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\* 

jailer 1. Therefore sum of [lowers = 3. Also, the coefficient 
has for denominator a series* of factors 1.2.3,..r, where r lias 
the huiiu* numniral value uh tin* jmwCr of h in the ter,m. Thus* 
in the teim containing /<', n must he raised to the power w-3> 
and the coefficient must be 

»{»- *){*-$ 

1.2.3 

Writ in*; down term* in the numerator to he afterwards can¬ 
celled by rnnesp.iiiihno number* in the denominator, would 
appear to the beginner to he a tedious and unnecessary process, 
hut to avoid mistakes it is better to write out in full, ns almve, 
and afterwards to eaiteel any common factors in the nupierafor 
and denominator. • 

The expansion of 

0+")" '» I +7^" ( "k2 ) " J+ - 

when a is a very small ipmntity, the two first terms are for all 
practical purposes 'Cilhcnmt; thus, when n is small, 

(1 -t-uV* I )-i>n approximately. 

Thus if a ■ 0| and n 2, then 

(1+ 01)-’-= 1+2 x -01 =--102. 

Ex. 1. (I -f 05)---1 i 2 < 05=11 ; 
more accurately (1 -05)- = 1 *1025. 

Ex. *2. (1 -f -05) 3 = 1 -i 3 v -o;, 11 5. , 

A’r. :i. V(11B) = (I + 1>.-I)'--1 ■05 = 10167. 

Mr* 4. j,' - 0 + «sf *-1 -1 •' *c»-1 - •0l«7=«SS. 

# V 1 o.» 

Fractions. -The rules and methods adopted in dealing wiUi 
fractions in Algebra are almost identical with those already 
considered in Arithmetic. In l*>th cases fractions are of 
frequent occurrence and their consideration is of the utmost 
importance. Some little practice is necessary before even a 
simple fraction can ho mluccd to its lowest terms. Perhaps 
|he liesfc method in the simplification of fractions is, as already 
' shown, to write out the given expressions in factors wherever 
possible. To do this easily the factors already referred to oh' 
page 109 should be earefully learnt by heart. •' ■' 



H1CHKST COMMON KAcfoit. 

When retpiirrd to add, subtract, or oouijmiv frart^oial 
expressions, it is neivsHuiy that tlgv shall all have a rutiinhui 
denominator, and to lev#u the w..ik it is desirable that thin 
denoininatoP^hall be as small as |M»>-iblc. 

Ex. 1. Add \ ■ .! 

First reduce to a common dcnoimnatoi [\s ; mcnl.dl) multiply 
Ixith iitimcntur and denominator o| the flint fi.etjon b) .'la, and 

I .» 

obtain ; and Himduily, by miilnplymg I.y get 

1 t 1 .V , 1 
*J 3i Wx 

9 Ex. *1 Sim|ilifv (^*, j . ^0. * j. 

11 dr-i L‘ 

‘l ' <u •* (3/- ll») I 

0( t “ST \ t./(:tr,2)(3i *.»| (I t ,’t r '>) 

Th" factors j'l'lr i 2), wlmli arc common to both numerator and 
dcnoimnatoi, arc cam t lied 

Ex. 3. Simplify j—j ■ 1 

„ I, 1 r 

r ■< <t - h _ r-rt a A 
ll.o A'' n i ' a 
• „ /,• 1 ,h . 

(x n\nh (a /,)/ 

- . - nbx. 

h a x n • 

The terms common to numerator ami dcnominatoi ar« cancelIwl; 
the term U - <t w for this purpose written in tin- fomt (a b), • 

When the denominators of two oi more fractions can die 
written in the form of factors, the reduction of the fractions 
to. thoir simplest form <sin lie readily effected. Hut the prueetM 
of factorisation cannot in all cases lie easily carried <nt, and in 
such cases we may proceed to find the Highest Common Factor 
- (h.O.f.). The process is analogous to that of finding the ci.c^w. 
,in arithmetic. The h.c.f. of two or nnuxi given expressions may '• 
be defined as the expression of highest dimensions -which can b* 
divided into each of the given expression* without a remainder. 
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**•4. Simplify the fraction n J + 2r-4 

, ■r’+Si-^T' - 

To find tho H.r.r. ,vo pi need us folio#, ; 

ar 1 -f 3r- - 4 ) .H i .r 3 f 2.r - 4 ( x - 2 
•*N .V- 4.f 

7 r '‘ t f r - 4 

- 2.r‘ (u a |- H 
8 (>x- -j (!.r - 12 

- f> (.r 2 I j' - 2) ; 

**•»* L»).r' | W 4 (r i 2 
a" 1 1- .r- 2.» 


Therefore the ii.c.k. 
Hence 


2.H j 2.1 

2r» i *1, 


'»*•'i2r-4 (r J | j 1 - 2)(.H | 2) .v-) 2 

' *•'<-*" •* (■'- I- r i p) 7+2‘ 

... 

tho w <w«„* 7 ,/„. ( 7 ' ,h I rw, “7 *'■ «»**> 

: " f ' Jlvm 
v*2£ “ , ; c ! > the / ,c T- r two *• «< 

, *«*»■• -«••« «<••• ;, f th/ti:;';^ * ^ f 

[(j J' 1 -3' J -KVr + 2.) uni 1 J ;i + 7.i-s + ru'-2'i ; 

Sividing tho first c\i)i,.s.ii > in In this ir, . u ,■ . . 1 

; llfntv the l.i-.m. ji • •*• lk * *-* 

[i _ •» -*>.... (^-.•.x^+sK^+jx-e). 

**■#• Simplify tho foil,,«in,; : 

'■ » 7 ,v, ‘ l,v '* r ' 'e.ifu-raj- 

ihocomhHin douomin..tor «|11 1»| I „ , ,, . , . ' 

iitto™, and tho fractions become M ' U,e J 

_ «•* f 5 ■ a* — 5 

(** + ** ■*><•'- 5 H*+i)" I V £l~ s><i ~6j<5TS> 



LOWEST COMMON M0LTH>Mt ; 

n 9 x+ty x-2.v xV-4y* 

An, « x 2 - if- -(.r , 2y)(x - 2y), 

the oonmwm TUnmniniilor in r : - 4?/ 2 
•Hence we multiply the immot.ilor of the liMt frui tion hy .r--2y, 
the numerator of th< m-'AhI l»y r t ‘Jy, ami to tin* mini mid the 
numerator o^tlie tliinl fr.u lion ; thuu @ 

(x- ‘2y )' s ■ (j- 1 ’Ji/i* : Kry • S»y t Hy 2 2(j* i 2y)(» 1 2y) 

4y J I//* U I 2y)(.» 2y) 

2(r.2v) 
r 2y ’ 


KXKKt’ISKS XXI. 


Simplify the following evpreshionu . 


, x l • 14.» i Ki 
x a --Mr «;»■ 

^ X - 2o ‘2(o- to r) .'hi 
-M« ' n* .i 3 a- /i 

e r - « a 2 * .*hi r r H « 

0. 4* —- - 1- i 

x 4 a a* - x* j >t 


2 • ‘-j‘ I f* • !*»• * 20 

’ :v,\ ' 14 

^ ' ’ 7iy • I-.V . •' •'ey i 4y a 
.i 4 • .Vy i Ir//- t l • Ay 2y‘ i# 
/* lt*r 17 
' j* 224 . H5 


7. > > _ 

. x - 2 ** ~ iix+2 j 2 lx i ;j 

' V ~~ jfo a j; q u 41 t-y* 1 ,r - y , .e 4 x-y 4 ^ y 4 

» f 27> a - Zb a 2 • 4/r * y 1 --if'*'£ \ y ’ r* \ x*y*+y*‘ 


|a ^~’> x y t- 12y 7 _ *2^ + Try - 4y- 
4x* - 1 Ixy - .‘ty 2 Nx* - tixy i y 4 ’ 

^11 ** “ 8-r* »- 11 x - 6 
: **-9xM2t)x- 24' 




•i)> 


2x y 


rfk. **' # , 


4y 3 


ar* - ’ 

JW the sum of 


•r - j y 
y'tjy' 


14. 


iialvJ’... 


V S^'-Miy + lV * n l Si*-'aryl-4**' 



iA 
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Simplify 

0 7 c 2 
16 ' x‘ X 20 ' x‘ I r 12 i 3 Sr+I.V 

17 1 4 - :1 . 

11 ■ X» tr I :{ , ' J i 2 j 15 j.- I 4* r> 

1 I 1 ‘ * 

m p_i(i **g< '■'] 


19. 


r' r ./' , . 

(■r '/)(•* ’) {'/ •'<// •') (- »*K".-//) 


20 /»'' //■' v ](<><>/ I | 

n‘ i/‘ fi- - if *2 |r/’' // J a i y | 


21 . 


23. 


• IV' <> U( r !) J l(Mn{*lU- 

)[<■> Hi> - 1G) 

, >>!, :\n <r - ir 

" a \ h a h'u- lr 
* i ,/> \ 


■*»// 


•)/ >r \» 

,« 4 if 1 'if 


•a. ( ' M-V"’- 

\.»* - ft .r ! <f ' 'f i 


25. 


26. 


I 


I 


x(.v 2) nr IH» l)l* 1 2) 


27. Simplify 


_ x r*f 


lv 


+ ' j-y * 


[L.C.U.] 


28. When «»h 1 y an* vm small (I +.r)(l -i r/)~ 1 i .r-i y approxi- 

ipatflv. What is tin* appiovimati; \nlm* of I*iP0G v 1 002, ana what 
iu thu error 1 [N. U.T.} 

29. Simplify 

(<0*SJ*»ni0 [L.C.U.] 

30. Simplify * 

w (a) Xv + (2y - 2) + (x - 4:: ( h ) I fi - (& - 4y + x) - (fi -x)\ 

(<■) U-(Xc+y)-(fiz-'2y); (*/) 3(r-£)+£(& + «}. 

Find the numerical value* if x-4 5, y =o|, and z=2. [LC.U.J 



CI1A1TEU XV. 

* SIMPLE K«,H AT1UX8 AND PROBLEMS INVOLVING 
THEM. 

In Part 1 of tin* « ouim* of woil. in tin <h.»ptetf on Algebra, an 
attempt was made to give sutlnuut elemental) mfoimation to 
enable a leader to "ohe a simple equation in addition to thin 
it is iipi.'cmjiiv that a pruetieal man should 1m- able to wtlvo 
what are <*all«*«I simultaneous equation*. 

Before indicating the method* By wlmh the solution of a 
given simultaneous equation may 1 m.' obtaimd, it may Iks 
advnntngisms to Biinfly eomudei how tin ^»ltiti* »i»k of simple 
equations, rather moiv difficult than those aheady at tidied, may 
be effected. • • 

Simple Equations.— Some methods which may often Ixt twed[ 
ill solving equations have 1 m**h already explained, but no 
general rules um U* given which will apply to every case** It 
in only bj pi active that the student can hope to deal Huceew<ftilly 
with any ordinary example. Again, it will lie found that? if 
the attempt is made to .solve all equation* by lixed methods or 
rule*, much unnecessary labour will often lx; entailed. Thu*,* 
. in fractional equations the rule usually given would*be to first 
clear of fraction* by using the l.c.m. of the denominators ; but, 
if this ia done in all case* the multiplier may lx* a large number, 
troublesome to use. In such cases it i* letter, where pocutible, 
to simplify two or more terms Ixifore proceeding to deal with 
f the remaining part of the equation. 
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d. i. Solve ii ^ + ! 7 ^ 4 + 19 * +3 =o 8 > + ^I. 

Wo may with advantage simplify Ihrdb of the given terms, using’ 
21 a* a multiplier, thus: 

, al "!: 131 ,17,, 4, 


21(ll.r 


^.74,--^' 


- V). 


578. 


Multiplying by 100 we obtain 

84(1 l.r - l:t) | 7400r - 525(5j- 7 ;i ' l )~ 57800, 

•r 924.r 1092 | 7400 r 2025r j 13300 ^ 57800. , 

.* ami 45592. 

r VA w .r-«. V 

When dmiiml fractions omir in an equation it is often dosiral>lc 
to clear fractions hy multiph mg both sides of the equation by a' 
suitable jK)Wet of ten. 

Kx. 2. Sohe t)15j- f 15/5 - OS75.r - •IKX>25.r. 

Wo cun dear of fractions by multiplying every term by 100000. 

I500r t 15750 S750.I’ —t )'2ox, 

15750 7875.r. 


Kr. 3. Solve 


n 35 ~ . 

r« H 25 I-. 


- 0 . 


Multiplying all through by (* to)(25 f r), we get 
(x «)(2 /h r)t (35 •«■)(£ *o) 

(.(• + «) (25-|.i) ~ 

(•*’ - «)(2A )-*) t (. 1 - 1 n)(35- r) - 0. 
Multiplying out and eolloeting terms. 

ar(.V» -2o)- ~al >: r 


A’.r. 4. .Solve 


nh 

~ 55 - 2a* 

ar-7 3a 4 7 'w 9 3r ) 9 
’5' *” 4 “ S 6 ‘ 

Hero the of the denominators is 120. 

24(3a--7) 30 (.lr -7) -- 15(5r 9) -20(3*+2), 
Multiplying out and collecting terms. we get 
33*=-63; *=-{{. 



SIMPLE EQUATIONS.* 


,i&c. 5. Solve {tr - ~ ~* 

First improve the fructiui* by multiplying all through by nbr ; 
7 *' % • rr‘ • ti 'hrr- alPr-b'*, 

tramipofling, o‘/.r tth l x- - n* -U-, 

changing sign or mult ij»1> ieg b> I. • 

• »(«- t fr)ah »r l fPi 

a- ilr _ 1 
J nh{n : f Ii 1 ) (lb 


i:\KKrisKs. xxii 


,Sol\* the njiMlioiiH: r> 

I. K :1 't J <•' l > ( ' 111 :l - 2 - ,; { t Mi 'if 

; |, f, 1 l i : h 7 *IS ,A 

, ir-7 r- 7 G ■> /• 1,1 J . 

8 ' i, :t i 11 ' «. <> «> >' 1,1 

rl': *•%;’< V-< % 47 

a?(Y -')-»(h " 

II. -I'Jl 1 ■?£<■• •Oil-', 12. Sr mi; - 1734 071a*. 

I, 1 ~* 1 *- 1 u. ft, :, i •■>!(:; iV»,v 

- 16 - .2 1" - 4^* 

17.7d l) IO-.-.j- 

, A «J- iij * 

18. ^ + 


lft 5(-75-r)+>C*7>‘i)- lit 


2*- '3 5-r m 

&*- i = “3r;- Zl - 

« i(a--3)+*(*-2) I'j'oU-l). 

„ r «r-5-5 -Si* f 3X 

*3. a -—»a 


21. ' #r «'•' ".-A 


«i * t 



Itjp W($5KSH0r MATHEMATICS. 

S(^ve the equations: 

24. i(e-9)+;(x-5)“ 

.7i • IS. 

26.# 3(4-0 H<3 2 

V« >• . g r J- *0 ‘ 
r) (). 26. ? + 4 -/, 

27. fa t;'.i (infl. 

,,,. 

29. J . .' ; >t - i> s 

uh hr (tr 

a 30. 1 , 1 ' 

j' a x - b x 

31 .:c-’.t- r.) ■>) 

1 1 on x ■ h . x - n 

!»• !. 32.o - , +f>r~" 

' * 11 - 0 h - a 


Problems involving simple equations with one unknown 
quantity. When u <|ue*tinn or problem i>» to |>r ant ted, its true 
meaning ought m tin* fust, pl.ee to In* peifeeth understood, and 
its conditions t>\luliitt*il liv ;»ItrrKianal symbols in tin* clearest 
itiatinrr possible. When this has been done the equation will be 
written down and the solution obtained. 


Kx. I. Tin sum of two numbers is 1(H); 8 times the greater 
exceeds II times the smaller jmrt by *2; Imd the mimlicrs. 
la't ,r denote the smaller part. 

Then 100 J’=gieater part, 

and 8 times the gieater - 8( KM) - r). 

Hence S(100 0 -11* | 2, 

or m Sf = 11 j- }*»>; 

• 798=1 Or, 


, j =42. 

Also (100 .»•) ,fW. 

Bence the two numheis are ,*>S and 42. 


JEx. 2. A post which projects 7 feet above the surface of water is 
found to have J its length in the water and j its length in the mud 
At the bottom; find its total length 
Let x denote its length in feet. * 

Then * is the length iu the water. 

“Anti a is the length in the mud. 

4 

But tho length in the mud. the length in the water, together with 
7, is oqual to tire total length 
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*127 

I 

Honcc *+”-t7=»\ * # 

8t-*l2j-: 

.u S4, or J 16 * fool. 

Ex. 3. Two reriangnl u boaids art* equal in urea. Tin 1 hrcadth 
of one is IS jin lies. .uni that of tlx- other It} un }u*< : tin* difieicitco 
of their lengths is l imho * Find tin* length of e.uh IkmimI and their 
common nn-4 # 

Let r denote tin* length of one ImwihI. 

Then i t 4 will denote tin* length of the othei. 

The area-* of tin* two boaids are tesp, ctivelv ISj* and |t)(.i*H 4). 
Jiyt these itieas .u< equ.il . 

• . I Hi lt)(r I I), 

of* 1 Nj l(>j i (if 

Tranfrjtosim.', -j t>4, 

4 32. and a • 4 30. 

Hence luigth ot one hoard is 32 m« lies. 

And other „ 30 ,, 

(Vmmum area Is ■ 32=: 10 • 30 wjn.ire inches. 

Ex. 4. A rectangle i*« 0 feet long; if it we:e 1 f*««l wnln it* area 
would Ih* 30 squate fel t Find the width. 

Lot ,r denote the width ill feet 

Then xi I i* the width when one foot wider. 

The area in Of' J h, but the urea is 30 square feet ; 

.. i)U 1 I) :«>. 

or " * 0.< i (i 30. 

Transposing, Or . 24; .. j 4 

In electrical work equations are of the utmost, importance. 
As a simple < a*e we m.i\ »oiisjder what is know n as Ohm’s Lw. 
This may Ih? expressed b\ the equation 

h • 

a .(i) 

whore R denotes the resistance «»f a eiiruit in ohnjH, E the 
electromotive force, am! (■ the current in amperes. An ex¬ 
planation of the law may !«• obtained from any book on 
electricity. In (1) ami in all such equations involving thrlto 
terms, when two of the terms are given, the remaining one 
(or unknown quantity) may be found. , 
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I t 

fy. 5. A battery contain* 30 Grove’s cells united in series; 
a wCre is used to complete the circuit. Find the strength of the 
current, assuming the K.M.F. 'of a drove's cell to be 1*8 volts, the 
resistance of each cell *3 olnn, and the resistance of the wii1?I6‘ ohms. 
Here nit 30x1*8 -54 \olts. ^ 

Resistance -30 3 i 16-25 ohms. 

.. t' 1 2*16 amperes. 


FA'KRClNFS. XX III. 

1. An uncle is older than his nephew by 10 years ; 15 years ago 

the uncle was twice as old as Ins nephew What are their respective 
ages? „ 

2. The difference of the ages of two brothers three years ago was 
jj the age of the elder, whereas it is now j. What are their ages? 

3. A reel angular court is 20 >ards longer than it is broad, and 
its urea is 4524 square \aids Find its length and breadth. 

4. If 3 yards l»e taken Irom one side of a rectangle whose peri¬ 
meter is li yards, and added to the othei side, its area will be 
doubled. Find the lengths of the subs. 

5. A house and a garden were bought for tlOOO; the cost of the 
house was 5 tunes that of the garden, find the juice given for each, 

6. A bath can he filled by means of a tap in 3 minutes, and by a 
second in 5 minutes, .md emptied by a thiid in minutes. If 
when the Ivith is empty all three taps are opened, how long will it 
take to till? 

7. Divide £90 fk 0<1. among vl, B anu O, so that A may receive 
4 as much as li receives, and (■ ' as much as A and H together. 

8. Divide €1000 between two jiersotis so that one may have £10 
more than half of what the other has. 

''9, The difference of two numbers is 20 and their sum 122 ; find 
the uumhors. 

* 10. Kind two numliers such that their difference is 102, and -jf 
of their sum is 162. , i 

11. The sum of two numbers is 143, if the ouotient of the 

number divided by the difference of the numbers is 7, find the two* f 
Humliers. 'V’ 

12. At what time between three and four o’clock do the hands of 
ff watch point exactly iu opposite directions? 

13. Divide the number 42 into two parts, such that l of one part 
may be the same as * of the other. 



SIMPLE equations; 


m 


jH ? ,^L giv ," *?/[ I0 "v^ wi >l )>ave twice u much a* B. »Tf A 
Ketch? ^ W ' havn ,llree t,mo J “ much u A. What money 

7ovMwi - «» '■«* 

16. A certain nnml.r i« 1,-.. tl,.„, tl>. •ihtaiiiml l.» 

Zi2*ZJ:r h **' u ''' ... 

17. Kach ftf tw.> \«*hwl« A tttnl It coufeins a mixture of wine 
nd water. A m the ratio ,,i 7 to ;{. I4 „.| J{ tlie ratio of 3 to I. 

■liiu how many gidhnis from /: mu*t be put with ft gnllonti from A 
n order to give a mixture of wme and water m the ratio of 11 to 4. 

18. Twt» tarn,era have tu.h a Ho. k of -Imp containing the same 
iff»nr«r; when one fanm-i Iona U!H». ami the other Ml), jt, )H found 
hat o*e farmer has ju*t tune as many sheep an the other: how 

many sheep had • aeh at tuht v 

19. A father’s age in tour turns that of Ins e]«h , PO n mid live timcB 
that of his young, r son \\ li.n the ehlet son has lived to three 
t:mea hi* present ag«, the fntln in npe will , x<-,-ed twice that of his 
younger «m b) .’{ yeais. \N hat m the i.g« ol cm h * 

20. Find aimrnlxT which, after being multiplied bv I will exceed 
»U a* much an it i* now uhoit of flo. 

21. A Out llo II Jll.'.v of Wink t| .lay,.. II II, t) w | [, m „ 

0 can only do j as much ».,tU in .1 m one d.,v. lion long uill A 
Bond t, working together, regime to do the same |.ieoe of wink ? 

82. If 4 lie addl'd to the minieratnr of n fraction it» valnn 1» 1, 

fat if 7 be added to the denominator the value is ) Km,I tlie 
traction. 

Italiell'aVll ha?an k.m r of 1 ti:i n „.i the . imiit in 
completed by a wire whore i eaHtam-n h III ohms What will ho the 

SeSl to hci 3'd"' sl1 ' lil> " ir,! .“ lll,: II,u '™al resistance of • 

8t A man e wage, are half a ranri li .. than lie, Inn, *,, 

Wage., If together they earn t'd. lie. in I. what i- the wage of each * 

• ln.u.tJ 

26. When a man'a weekly wage was fi |;-,s. ],,• w,<| |IK per 
*eek. Hia wages were inn.| l n ;jo p,., , ;ll t . |„ I( [j )e 

[Mfnaaoil cost of living he.liad to Hpeml III t. ,y, an 

taforc. By what percentage ini' III. -'ll lugs ill inn.-ii iln rrawai * 

IX.U-T.i 

21 Divide £4h. Ida. Is'tweeti three petvone, .1. II, mi-1 r. eo th/i 
Clgeta Iff.) per cent, more tlmn V and Jo ja r cent Hirin' than I 

lleCU.J 



CIIAITKll XVI. 

SIMULTWKOl'S W.»|JArH)Ns AM) IMIOHLEMS 
INVOLVIN'*: I’ll EM. 

Simultaneous Equations. It <m equation contains two un¬ 
known quantities tti'd 1 >v » .mil //. Ih« d liy giving definite 
values to one of the unknown quantities, a eonesponding series 
of values ran lie oht.niiMi foi' lhe othei. 

Kr. I, Solve .’Ir .’>»/ t*. 

This means that we n<|unv to lind two number* sueh that five 
time* the seeoml suhli.u led fn>in thiee times the first will give 6. 

Hy transposition, 3» ,“>»/ * l>; giving mine* |, U, ;{, ete. to »/, wo 
obtain u eoi responding senes of value* of x. 

If tt I. then II; ,r 

V then 3i III; i *./■. 

Proceeding in this n.mnei. a table of mines eai%he arranged as 
follows . 


^Fhus, for any assumed value of u a eom\sj>onding value of x 
can lie obtained. 

In a similar manner, if values are as.-vguod to r, corresponding 
values of y ean be fotim 1 . 

If, now, we have a second equation l.r+3//=3T, as liefore, by 
goring any assigned value to either .»* or t/, a corresponding 
value of the other unknown is obtained, and a table of corre¬ 
sponding values of . 1 * iiru^y tan W tabulated as in the preceding 
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case; comparing the two set;* of values so obtained, it v^ll l>e 
found that i nU one pair of \alue-#of .• and y will satisfy both 
equating* at miu*, the tw% \allies Wing .1 7. y - 3. 

KquationUKm h a- 3/ f»y f., 

1/ t3y 37. 

which are sati-hed b^ the >>.11104 values of the unknown 
quantities, ale raih d a. • ./,»•! /n-w 

To find two unknown i|ii.iiititnwe ftnist have two distinct 
and possible equation- 

Ex L\ 1./ 1 3y 37. and lib \h. 111 
# Tln«e form two tqiiation-, tail tliev .ne not distun t, as the second 
can 1 * 4 obtained horn tie lirst |.\ unlit i|il\utg In 3. 

♦Again, 3r oy <> and <0 lo</ 13 ire appaic-ith impossible 
simultaneous equal ions, Is-rau-i. In mull iph mg (lie funnel b\ 2, 
the equation Ihvoiihs *i/ I Hr/ IJ, Inti fiom tin second equation, 
Ur - lOy 13 H« 11 0 Miiiult.iin on- v aim -of 1 and // saindvmg tho 
two equations and . orreHjrondmL.' to tire iiiIum. iron of iwo plotted 
lines cannot he found. On (dotling the hues as on p 131 the lines 
are found to 1 h* paraihd to c 1 h otin 1 

To solve simultaneous equation-. we irquiiens man} distinct 
and indejM'iideiit * quatn-n- , 1 - then an unknowns to be found, 
i.e. if two unknown.- h.»vc t<« h. d< t* inum d. two distinct 
equations are requited; if time unknowns, time iquntions, 
and t«> on. 

If only one »fjuatioi»*eoniie. tint; two unknown quant it ie.s is 
given, although the value of urn-h of th< uiiku-wn>> cannot ho 
determined, it is j^msihlc to ohtam tin- 1 . 1 I 10 of the quantities. * 

Ex. 3. If 4, find the ratio of x to 1 /. 

Ax zy 

. or 4y 4(3 1 *Jfj/i I 2 .e Hy. * 

4v 7 1 . 

r 4 

* !/ ~ 

Elimination. —When in the data, of a problem tin* given 
equations are not only distinct, but an* sufficient in nnmlier, it 
possible from these to obtain others, hi whnh one ormoivof the 
unknown quantities do not oemi. The process hy which this is 
effected ia called elitniimtiwi. At the outset it is convenient in 
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a few^imple canon, to show Home of the methods which may be 
adopted in dealing with Hjmuliancous equations eortaiuing two 
or more unknown quantities. • # 

Solution of Simultaneous Equations. In the loiutii.n of a 
Hituultaneous equation containing two unknown quantitW, there 
ait: two genci.il methods l>y a Inch their^alues may be obtained. 
The first., h by multiy)natnm nr division, to maW* the co¬ 
efficients of tine of tlie unknowns the same m the two equations; 
then by addition, or subtraction, we can vhiiriinttr one unknown 
quantity. This leaves an equation containing only one un¬ 
known, the value of uhn h can be found in the usual manner. t 

'I’ln* other method is to Imd the value of one unknown ii! 
terms of the other unknown in one of the equations, and theft 
ti substitute the value so found III the otliei equation 

AV. 4 3.> :>y <>, .(i) 

11 i .**,</ - 37. .(ii) 

To a}iplv the .Vm/ imthwl, mnltipK (l) by .‘l and (ii) by ">. This 
will make the trims in y llie same in both equations, and as these 
have opposite signs then midi is /no. 

»« bo/ - 18 
20. i lav -ISf> 

By addition, 20» 

Substitute tins value in (i). 

‘ -1 % B; 

or o f>.y 21 B- 13; y-3. 

On substituting these values of x and y in the given equations 
thi equations aie satisfied, thus substituting the values in (i), we 
get 3x7- I H 0; the values obtained should always l»e substituted 
to ensure accuracy. 

By the t$roH<{ met hot*: 

From (i) 3,r =■ B 4 %; 

B (• 5 y 


203 
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Substitute tins value in (ii); 


‘24 • *></• 


m 


ft 3 

Multipl^both r*i«l*'M iif the oijtiutiitn by 3 ; 
or , 24 • '_*0// > !»i/ III. 

Hence :$»y III k7 ; 

• v s *■ 

Having found the \.due of y. tiuu Isubstitution in (i) or (ii), 
the value of r im ri-adilv obtained 


t Miscellaneous Examples. As the solution of Himnltaneoua 

equations h of the utmost niipoituiue. a few miwelhweoUH 
bxamples are worked in>te 


Ex. 5. U.r - 3y 33, .(i) 

i:u- *v ii* .(ii) 

Multiplyinj 5 (t| by 4. we get *_M.f lib/ I.‘{J 
„ (ll) by 3, HO get :w»- 1 _»y .',7 

By addition t,.V |si) 

.• IM '3, 

and l»y substitution tn ii), y .% 

If tin* known ijuantities ate tepie%outed ii\ tin* letters </, />, 
c, </, the Hoiulion i.s etle< ted m tin* same manner 

IS.c. 6. Solve • <(.> > hi/- r, ,.(i) 

l>.r tny -'l .(ii) 

Multiplying (i) by U, we get oh i - U • 

„ (n) by a, we get ohr i o u t/ mi 

By subtraction, h l i/ try ~hr ail 

■ OT y{h' 2 - o' 1 ) ■- h ~ a<J ; 



To obtain x we may either substitute for »/, or proceed ^r> eliminate 
y from (i) and (ii). 

Thus multiplying (i) by a. a?* * ohy.. as 

y# ■, «t (ii) by b, l?r 4 aioj - bd 

Subtracting the upper line from lower, ( b 7 - a 2 )r ~lnl-ac 
hd- nr 



m 
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Firmi the preceding examples tin* student will have aeon that, 
in solving two simultaneous tq nations, the object is to determine 
from the two given equations a \alue*of one of the unknowns. 
Using tlie value so obtained we proceed to find th^other. Tlie 
methods which ma\ with advantage he employed in solving 
equations can oiilv he quir-IJv seen by practice. 

The general methods previously explained may^nsually he 
employed. The following methods are also made use of whon 


more than two unknowns have to la» found. 

Ex. 7. Solve x l 1 /i : . . (i) 

' •2y ■ 3. IOo .(fi) 

M.’ly 4: 131 ..(lii) 

Suhtmet (i) from <ii), y : 2. a2 .(iv) 

,, (u) fiom (m). y i . •_*.) . .(V) 


By subtracting |\) imm (i\ |, 23 

Substitute this value tor i m tv), 

y • *jri 20; 

or y 211 23 ti. 

Again HiihuHullin' for y and m u), 

a-a3 29 -‘24. 

Hence tlie values are x ‘24.) 

.V <>. r 

~ _ o;{ I 


KXKIU’HKS. XXIV. 


»Solve the equations: 


1. '2x i ay 23, 

4.r 3y 7. 

3. 77a lay - S. 

14a t-21y -tP2. 


' 5. 



x y 
3 8 


-13, 
= 3. 


2. -V 2y 7, 
7a 3y - IS 
4. lh* 9y^f>, 
3.u*a 6»/ = 3. 


. 4a* 5u 

>. > + 7C = 

«) (l 

x y_ 

2~3 


18, 

1 . 
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7. 33j" 4 .TSy — 4 ; .Vu 

55y l»i 




8. Jb -» yi • ! b y I; 

»• My t 




9. l(r y ); 

•'!. • 17V 




!0. J‘5-14; '<$ 

■ji 11. 

• • 

' V 

s 5 

15 

■ i • 

12. H** 11 13: \ 

* 2y .‘Ui 

• 



13. 91 n Hy 15. 

u. 

- • *Jy 

i 3. 

». 

2 b ;<5y 5 75 


< • .'*// 

2 

1 . 



* 1 - 

, :t 

lv 

( 15. •('< - />) *' ■ l')>/ 

»■ <■■'. is. 

{It «• 

i 

(c h \y c 

in ’ h\ i \n h iv 


la < i 


o,y 1, 

17. or /.«/ n v , 

18. 

I \j t 

: { v 

10. 

tr ay - lr 


10c 1 

-v 

.-{5 i 

19. -b • fty 

20. 

< V 

• 


9x- 10»/ 


' " 

i. 




y ■ >' 

a 



21. 'tain < -y MJ/», 'lain 1 t */ I sh 

22 . iff '•) • (f ih "\>/ l> r. 


23- ' < y 1 : ]. • -v M 

!M. 2* I *1 ■»•>!; 4 ■£>. 

25. {(ix-l !>y)-Wu I/). ’ i»/ -'v -y J. 

, 28. S*- 4 / -I : ’« ~’J 27. «r . <•* -ay-1,. 

” ’* • 

28. 3rt2i|-4(y -J}--2b -*y J) # 

Problems involving Simultaneous Equations. -We have 
already found that to s^\e a ’Umultaneoii*. equation it is essen* 
tial to have as many independent equations a> there are unknown 
quantities to determine. 

Therefore, in the solution of any problem which produce** 
simultaneous equation, it is necessary in the statement of the 
question that there should Ik.* as many equations involved as 
there are unknowns to Ik; detei mined. 
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Al 1. If 3 lie to Ujt* numerator of a certain fraction, its 

value will Iks ami if 1 lx» aubtractcdf from the denominator, its 
value will he J. What is tins fraction? p 

Let x Ik* the numerator nml y the denominator of the fraction. 


Add 3 to tin 1 numerator, tlpm 


y 


Subtract 1 from the iFenomin.itor, and 


y 1 f>' 


Hr i <» y . *i) 

and i y I .(ii) 

Transposing uo get y .‘If !>, .(iii) 

y o.i - 1 . (iv) 


.Subtracting (tv) fr on (in). 'lr s ; . a*-4. 

Substituting thin value of .i in (in), 

V 12 9: .. y = 21. 

Hence the traction ih } % . \ 

JSx. 2. A uumbei ot two digu*. is equal in value to double the 
product of its digits, and ulno equal to twelve times the excess of * 
the unit’ll digit over the digit in the ten's plaee ; find the number. 

If vve denote the digits h\ .r mid y, amj y denote the digit in the 
uuit’a place, then the number m;i) be represented by lftc + y. But 
this is equal to double the product ot the digits ; 

. 10a » y - 2 .»•»/ . (i) 

A'he excess of the unit's digit over the digit in the ten’s place i**‘ 
r -x, and wo air given that 

12(y -s)-'2si/ .(H) 

Hence lOx t y 12y- \'JU ; 

t 22a*. Ky or 2x~y.(iii) 

Snbstitutiug this value in (i) wo get 

5y +- y = y-: 

•' 6y--jr or ys=6 ; 
x=3. 


and from (iii), 

Hence the number is 3d.. 
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Ex. 3. Find two numbers in the ratio of 2 to 3, but whicl^are 
in the ratio of 5 to 7 when 4 is added 4o each. 

Let x and y denote the 1*0 numWg. 

Then the tflst condition that the two mnnliers are in the ratio of 
2 to 3 is expregs.nl by x 2 . . 

# y •* # 

* Similarl}', the latter condition, that when 4 is added to each of 
them the t.vif iiiuiiIkth are in tin: ratio of 5 4*> 7, w expressed by 
r 4 5 

.V > 4 7. 

From (i) .V 2 y . ... 

Flom (u) 7 j- . 2K - 5y f 20 or ",x 1 8^ 5y.. 

.Multiplying (iii) by 5 and vie obtain 15r 10 y 

„ (iv l by 2 „ Hrilfi lOy 

Subtracting, 


. (ii) 

• (Hi) 

• (iv) 


10 0 
x=I6 


From (iii) y - lx. 24. 

Hence the tvvo narnlar* are 10 and 24. 

The unknown quantities t<> lie found from a simultaneous 
equation are not neeessanly expressed as r and //. It is fre¬ 
quently much more convenient to uKoothet letters. Thus priwurfl, 
volume, and teiiijx'rtttiiri’ may Ik- denoted b> j>, r, and t resjxic- 
tively. 

Also, effort and resistaw may 1 ms mdieated by the letters K 
and R. • • 

It will lie obvious that bdteis consistently used in this manner 
at once auggest, by men*. ins|«*ctn*n. the quantities to which ^ 
they refer. 

Some Applications.— It is often necessar y to express tho 
relation between two variable quantities by mean* of a formula, 
or equation. The metlusls by which such variable quantile* 
ar ^plotted and the law obtained an; explained on ji. 145, but prac¬ 
tice in solving a simultaneous equation is necessary lsifore any 
such law can be determined. 

Ex. 4 . The law of a machine it given by 

..(i) 

and it i* found that when It is 40, E is 10, and when It i* 220, 
M k SO ; find a and b. 
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l^bfttituUng tho given values in (i) we get 

.(if) 

40-Ilvn/* ..«.(iiij 

Subtracting, 1H() 40(1. ^ 


.Sulmtituting this value in^iii), * 

+ 40 10 • 4-:>-' -r>. 

Hence (lie rcquucd law is I{ 4 «"•/>' a 


KXKHCISKS XXV. 

• 

1. If ‘2 hr added to iIn* munctutor and denominator of a certain 
fraction its value will hr t, and it ‘2 hr •mhtmrrrd from mmirrator 
and drnmimiator its value is \ ; what ns the fraction? 

2. Find tnree numbers such that thr product of the lirst and 
the sum of thr second ,nul thud is I.V2; thr produet of tin* second 
and thr sum of thr tiist and thud is 1 til*; and tho product of the 
third and thr siii.i of thr tiist and second is 170. 

3. Thr arm of a certain rectangle is equal to the arm of a square 
whose side is three inches lougei than one of thr sides of the rect¬ 
angle If thr hi end th <>t the iret. ingle he lire leased hy one inch, 
and its length increased hy two indict, the area is unaltered ; find 
the lengths of the sides. 

4. Of two squmvs of carpet, one measures 44 feet more round 

than the other, and 1ST squatc feet nioie in area; what arc their 
sizes ? • « 

5. Then* are two coins such that l."> of the first, and 14 of the 
second, have the same mine as 3."> of tin* tiist and l» of the second ; 

* what is the ratio of the value of the tiist coin to that of the second ? 

*6. If If * >vV *2, find the ratio of .»• to y. 

« 7. The volume of the first of two c\linders is t<> that of the 
second as II : S, and thr bright of the first is to that of the second 
as 3:4; if the Iiase of the tiist has an area of 10\> square feet, whftfc 
is the area of the second ? 4 

8. Th*e first of two pictures is l ft. 6 in. by *2 ft,, the second 2 ft, 
by ‘2 ft. 6 in. ; they are to Ik? framed in the same way. If the glass 
and frame of the former cost 7s. fid., and that of the latter Us. 2d., 
Mat is the price of the glass per square foot, and of the frame per 

. foot of its length ? 

9. If the first of two numl'ers diminished by the reciprocal of tho 
second equals the second number diminished by the reciprocal of the 
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first, show that either the numbers are equal or the one is the recip¬ 
rocal of the other. 9 

' 10. A farmer has to pay fates amounting to la (hi. an acre, hut 
an allowance <1k 10 jxt cent <>ff his tent amounts to tT» more than the 
rates. If the rates amounieil to 2s. fid. an acre they wouhl just, lie 
met by an allowance of 15 jx>r cent, off the rent ; find the nuinlwof 
acres in the farm and the ti^al rent # 

11. If ' » 11: 15; find what \alues of j* and y satisfy the 

equation .V » 7»/ - 32. • 

12. The ctreiimleience of the huge wheel of a carriage is 3} times 
that of the small w heel; the smaller w heel makes 10 turns more than 
the large wheel in running 21 yards ; find the circumference of each 
wlrel. 

\3. At present Jin age is to A'* m the ratio of \ to 3; but fifteen 
years ago it was in the ratio of 3 to 2 ; find tlicit ages. 

14. A number of two digits is equal to double the ptodurt of its 
digits, and also equal to four times their sum ; bud the number. 

15. Kind a fraction m wInch the denominator exceeds the nume¬ 
rator by 3, and is equal to t when 2 is added to the denominator. 

16. The law of a machine is given by K nit \ ('; it is found that 
when ft 10 E is 5*46. and w lien It is 100 E is It 0: find a and Ik 

17. A mimlwr consisting of two digits Incomes 110 when the 
numlxT obtained by reversing the digits is added to it ; also the 
first numlwr exceeds umt\ by N times the c jus as of the second 
number ovei am; what is tin* uumijci ? . 

18. £1000 is divided betuem .1, H, (\ and IK H ge,t« half os 
much as .1 ; the excess of <V* share ou r //* shale is equal to one- 
third of A a sliai^ and w s share w< re mctcasud by £100 he would 
have aa much as C and l> have Ixrtvvocn tin in ; find how much each 
gets. 

19 The law of a machine is given by E nit i b. When E is 4'2 
it ia 10, and when E is 7 34 It is 20; find a and b. 


Summary. 

Simultaneous Equations.--In an equation which contains two un¬ 
known Quantities r and y. an indefinite nundter of pairs of values 
may be found which will satisfy the equation : but if a seen rid inde¬ 
pendent equation l»e given, only one pair cun l*e found which will 
simultaneously satisfy both equations. 



SECTION IV OKAITIIC UKPUKSKXTATION 
OF VAKYINtr QUANTITIES. 


CHAPTER XVII 

USE OF SQUARED PAPER: PbOTTINU. EQUATION OF A 
UNE. PLOTTING A CURVE. 

Use of Squared Paper. Two quantities, the results of a 
numlier of oitsoi \ at ions or c\|>cnments, winch arc so related 
that any alteration in one pioduces a corresponding change in 
the other, can he best leprescnted by a graphic method, in 
which it is possible to as. ei (am b\ inspection the relation that one 
\ariahle quantity bears to 
the other. 

• For tlys purpose s<j uared 
ji'tjM'r --or paper having 
equi distant vertical and 
horizontal lines T V> \ t 
l mm., etc., apart—is em* 
ployed; these cover the 
surface of the paper with 
little squares (Fig. 66). 

< 'ommencing at the low* 

* eat left-hand corner of the, 
paper, the lowest hori* 
zontal line may be taken 
as one axis, or line of/ 
reference, and thavertical line nearest the left edge of the pap^ 
aw the other axis. * 



PlO. W.—8qu*r®d mpor 






USE OF SQUARED PAP*}*. ’ '.HI 

The two lines o.r and 01 / at right angles are called axes. Tho 
horizontal line ox is called the axis qf abscissae ; oy is the axis 
of ordin%Jtts- t 

One or nmi* sides of the squares, measured along the line 01 , 
is taken a* the unit of measurement in one set of the observa¬ 
tions; and, in a sumlai vviv.om 4 or more sides of the squares 
bordered b\ the line qy isYtken as the unit of the other set of 
observations? • 

Then for any pair of obsci vat ions two points aie obtained, 
one on o.r ami the other on qy 

If a vertical line ih drawn upon the squared pajs-r, from the 
pofht on or, and a horizontal line from the point on qy,* the 
twy bites intersect, and b\ dealing with a number of pan* of 
observation* a sei ies of points max be obtained upon tin* squared 
jxijw-r; these are umi.iIIv marked with a small (ions or circle, 
and may Iw joined b\ ,1 light line. 

The line so diawn connecting the jhuhIs ni.iv form a fairly 
uniform curve.; but if, as is often the case, the line ih irregular 
ami broken, a unifoim eui\e. lung evenly among the point*, 
should Ih* drawn (this may he done by bending a thin piece 
of wood). The curve so drawn represents the average value of 
the results, and serves to iherk errors of ohseivathm. 

In the case of exjjerimental results, the points are arnuiged 
where possible to lie as iieiilv as jx*ssible mi a straight line. 
When the results are plotted as desciihed the line whieh most 
nearly agrees with the results may he obtained bv using a pirns 
of black thread This thread is si retched ami placed on the 
paper, moved about as required until a g<**d average }s»sition 
lying most evenh among the {mints is obtained. # 

A better plan is to use a strip of celluloid on which a 
line has been drawn, the transparency of tire strip'll!lowing thj 
point* underneath it to Is* dearly seen. When the jiosition of 
the line is determined, two jH»ints ar c marked at its extremities, 
end the line is inserted housing a straight edge or tht <*dge of 
a sot square. 

It should be carefully noted that the word run's is often used 
to denote any tin <*, whether straight or rurm/, representing the 
relation between two quantities. 

' The advantage due to this method is abvkuw; although from , 
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a action of numlwra an average value may In* obtained by the 
ordftmry anthrnetieal methyls anv gradual change, and more 
especially the relation of the ehan<f‘ to the result, js either- 
disregarded or may m>t lie noticed. 0 

The following examples will serve to illustrate the methods 
used • 

1 « 

Ejc. I. To nictrtum, infhoul ailni/utum, fhc number 4/* centimetres 
in u gin n inimlur of no to i ; or roni'fi •<> hj, tfo number of inchex in a 
gin 11 n h in hr r of raihnntin 

From p. Milt ue may ohtam flu* following list. 

In. fits j Cl ntiiix'tii s 

! \ 2-:>t | 

2 I r> ns i 

A : «» | 

:ij s-sn 1 


Use the vertical avis ()Y to denote inches and the horizontal 
axis OX to denote centimetres (lug. 67). We read off 2"54 on the 



Fin. (IT. -To uncertain by inupoction the number of centimetres in a 
gireu number of inche*. 


horizontal axis and 1 on the vertical, so obtaining point a. The 
point b is Die intersection of the two lines denoting 5-OS horizontal 
and 2 vertical. 
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In a ftiniilar manner points r and d ure obtained; a fine line drajvn 
evenly through the points enables any intermediate value to 4xs 
obtained. # 

•. . * 

The equivalent value in eentinietie.s of any given mimlier 
of inehes, or conversel v, the equivalent in inches of any given 
nmnlier of centum ties i.m he found by insertion by means 
of a cmve, oi line, of tin* kind. In*a sinulai manner, if the 
divisions on (it.. \ci teal or the leu i/onlal n.-ds aie made to denoty 
square inches and those along the othei axis square centimetres 
the conversion from one to the othei is readily made. The 
relation between jviuntls and kilograms nm be obtained in a, 
similar manner. 


Equation of a Lino. - In tie pi ceding example, the |K»sition 
of a point a is ascertained if we piorecd along the horizontal 
axis a distance equal to 2 fj l units, and a distant e of one unit 
parallel to the veitnal axis. 

'Hie vertical distance is railed the // m-ordnule, ami the 
horizontal distance the /• <o-oidiuate of (he point. 

Ill a similar maiim-i the neoidinates of another point h art) 

x~5()8, 1 / -2. 

When, as m the pie<etimg example, the relation 1 m- tween the 
two variables can be Mpiesentnl b\ a straight line, we can 
obtain what is railed the ^fihinmi of //,. loir 

The equation «»f the line is of the form 

• • ,f itr + h .(i) 

wheit* (t ami h aie constants. 'Plien, if hi (i) siiuult.ineoiiH values 
of x and i/ are insei t •«!, the values of a and h ran be found. 

'Hius, when //-=1, s i, 

also when // 2, ./■ oUH 

Substituting these valu -s m (i) we obtain 


2 <j'<r,'OH + h .(ii) 

1 v 2 fi4 4- b . (iii) 

By subtraction 1 - <i x 2’54 • 


Also substituting this value for a in (ii) or (iii) we find b=* 0. 
* Hence the equation of the line i*//»’3tkr. 
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Conversely, whenever the equation of a line is given in ttie form 

y—ax+b .(ii) 

by giving to .r the values 1, 2, 3.. M< rorre8powling values of y 
aro obtained which may la; plotted and the line obtained. 

Plotting a Line. -In a similar manner to that of the last 
examples, from a series of values of any two quantities which 
vary dependency with each other, we*aro able, m many cases, by 
plotting on squared pajHT, to obtain the line wIl'ich lies most 
evenly among the {Hunts. The line so drawn will correct errors 
of data, or obsenution. I Living obtained the line, we may pro¬ 
ceed to lind its equation. When the line and its equation have 
Wn found, then for any given value of one variable, the corre¬ 
sponding value of the other ran either 1 m* obtained from the line 
by inspection, or from the equation bv (aleulation. 

Conversely, given the equation of a line, then by assuming a 
senes of values for one variable, it is easy, by calculation, to find 
the corresponding values of the other, and to plot it. Exercises 
of this kind give clear notions as to the exact moaning of the 
two constants u and h in the equation y—'i.r + h. 

It is advisable at the outset to assume definite numerical 
values for <t ami A, and to plot the line. When this has been 
done the constants should be altered and the line again plotted, , 
it will be found that the slope or inclination of the line depends . 
on the term u, the |>oint at which the line, or line produced, 1 ; 
cuts the axis of y on the term h. t 

The two variables are not necessarily indicated by the letters 
x and y, in many cases other letters mav be used with advan¬ 
tage. Thus the forces applied to a machine called the effort and 
the resistance may l>e denoted by the letters A’and A’. ' 

As It alters in value. A’, which de|K*nds on A*, also alters, and 
the “ Law nPtlio machine," as it is called. may Ik* written in the 
form E-~aR+b. 

A>. 2. Let y •=ar + 2 be a given equation. 

When* x=0, y-2; x--l, y -.T; x-2, y=4. 

Corresponding values of x and y may lie tabulated in two columns, - 

0 i I [ 2 I 3 j 4 j 
2 . 3 j 4 ! 5 j 6 I 
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When x=0, y=2; henco, aa in Fig. 68, this gives one point in 
the line. When x-1, y~ 3; make a f mail dot or crowi at. the point 
•of interaction of the lino# l and 3. Again, when j'-- 2, y — 4 ; ut 
the intersection of the lines through '1 and 4, make a croty or dot. 
Proceeding in this manner, any numher of points lying on the line 
are obtained, and the points joined by a tine line 

Conversely, assuming Vh.it tin* fine re pie^ent^ a aorica of 
plotted l 'OH flits of two vari- • 

able* E and U. To find the y 
law connecting the two it is g 
only necessary to substitute ? 
iiP the equation fJ <t 11 +1>. 
thtf Simultaneous known ® 
values of two ponds in the 5 
line; thin will give two 4 
equations from which >i and 3 
l ran Is determined a* in 2 
the previous example ( 

Let the values along oy 
represent values of A’, and 0 12343678 X 

those along vX values of ll; Fm i.' -I MUhr lines. 


from the line (Fig. fJM) 

when E is 3, // is 1, 
when E is k, U is 0. 

Substituting these vjlmw in the equation ; 

3 ox I + l> .(i) 

8 r^i; + h .(tt)* 


Subtracting •’• " # 

1 Hence from (i) l>~ 3-1 2. 

Substituting these values for </ and /». the teqiiifed equation#!* 

AWf + 2 

; 4 It will be noticed that^he value of the t« ?m /< give* the point 
in the axis of y from which the line is drawn. By altering the 
value of h , the term <i remaining constant a series of juirallel 
lines are obtained. Thus, let then tin* equation becomes 
. \ when .r*0,y=0 t anil the result obtained by plotting 
. value%of x and corresponding values of y is a Hue jwntllel to the 
rV pltijbeding, but passing through the ortgiu. ( 

'fi.-' W.W. II. K 
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Again, lft It -- a when .»• o, <j 2, ami wo obtain a 
line |mu nlb-1 to tin- pirn-ding, lntei-eeting the axis of // at a 
distum-e 2, or 2 units In-low tin- ongm tin- c]nation-is now 
>/- / 2. The tlin-i' linos .it'• shown in Kig. <!m. 

When tin- ti-nn l> ioniums un< hanged, but tin magnitude of 
•I is altered, thru wlirn plotted a senes ot hues are obtained, all 
drawn front tin- sainf point, but i*a< li at a dillun-n^nu-luiation 
to tin* axis o( #,.)i bi-tti-i, tin* slope of t-.u li line is different from 
that of tin it st 

It m tin- equation •) m }-/*, <t \,/> J, the equation becomes 
>t a-H:?, and the line (i)( Tig t»S) m obtained. When a - 0, then 
y «; tin 1 Inn* wIm-ii |ilott*-d is |iaralh-'l to the axis of aiul 
meets tin* am of // ,it a point 2 units above the oiigm 

la-t >t I, tin- i‘i|uatioii be* nines if 1/ pg, proceeding as in 
pri'Mous example* tin- line mu\ nadik be obtained. Other 
values of the constants should be a.ssumed and tin* lines drawn. 



In the preceding examples it has-been possible to draw a 
straight Fine through the plotted points, and to obtain an equa¬ 
tion connecting the two xuriables. When, however, the plotted 
points lie on a eum\ it would tie diilieult, if not impossible, to 
express the relation U'tween the two variables by means of a law 
or an equation. In such cases a straight line may often*)** ob¬ 
tained by plotting one of* the variables, and instead of the other, 
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quantities derivable fi«»m it. 'Hu* fiynnt/nn*, the tucijwufys, or 
the eifmtree, etc , of the uu'en u ituilufe 
Thuflt flu'll.inud im i**1111(1 .» li\fd rvlmdfi and a force 

X is applet at one end and a tone M at the otbet* the curd 
remains at iest not only when .V i» equal to 1/ but a I an when -V 
is increased If the intense in m.idc viadualh a \ ilue is 
obtained a^whi'h ihe <oid pint begins to slip on tie- < vlmder. 
Tin- amount b\ wlmh A’mint be ^n*at•* than If when slipping 
occurs i* teuddv found bv e\peiiment. and d« pends not oiil\ on 
tin* siufaees m eonta<t. but abo <>n tlit* tia*tional pait of the 
ureumfeiem e of the t xhlld'l emb|a<ed by the cold. 



Ex. 3. Denotim; by » the fraernmnl pait of the i-tmimfcrcnce of 
& cylinder embraced hv n coni, then the iollowmjj table tfivc* a 
aerie* of values of n and emn spending valm* «»f X. Find the 
relation between w and X. 


s 

25 

•5 ! *75 

j 

■ 

- . . • • 

125 15 1*75 ‘ 2 j 2/5 2*5 

S 

1W 

11*5 ! 235 

875 

| 

515 4515 755 104.5 | 14X5 1735 


... 

-— *- 


. - 

Log N 

2*1761 

it* ! 2 4 m > 2 5740 

2 71 IS * 7fV* J »>:.•!* .'5 0101 ;:U5*.S 3*2503 


2 7ft 

2835 

8JW8S 
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VV^jr-n simultaneous values of n and A T are plotted, a curve lying 
evenly among tin* points (Fig. £9) can !><• fouml ; but by plotting n 
and log X (Fig 70) tin* points he approx* nulrly on n straight line. , 
The rclatim between » ami log .V may lie expressed in/he form 
w n log A’ + />. 

To 11 ml the mmiriic.il \ at Hits of the constants « ami /> it is only 
necessary for two points on the line to substitute simultaneous 
values of u ami log .V. Urns obtaining two equations tiom which 
a ami h ran he oht.lined 

Thus at e (Fig. 70). n I. log X 2 ."it, 
ami at d, n it), log S - II is. 

Hence 2 (> - a It is i l> . . .t : ) 

I n * f» .r..(ii) 

By suhtraction. It) n • 7-1 



Ami substituting tins value for u in (i) we have 

b ib i Kii :t is t ih 

Hence the iclation between the vai tables is expressed by . 


m “ i' 1 tii log A - 4 '49. 



D* rite nans 
Flo. TJ. 


h’x, 4. The depths <f, and deflections S when loaded, of a series 
of Wants of varying depths ami constant breadths ore given in 
the annexed table. Fiudihe conation connecting d and J. 
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When tin* variables il and o arc plotted a imimt is obtained, but 
by plotting 3 ami ^,.i ><»iai^ht line, lying evenly among the points, 
can Ih* drawn a« in Kitf 71 The line passes through the origin, 
and j^s equation may lx-w iilten 3 o 

From Fig 71 at *, 3 • 25 and 17. 

*>*, 

Hence *25 n 17; o ^ 0117. 

The relation is then-foie 5 0117 ! 

il' 

Ex. S. The following t;J*h* gives ,i imrief. of values of the 
breadths h and deflections 3 «»f a set us of beams of (onstant depth* 
and variable breadths ; find the equation connecting It and 3. 


b 

i ... 

i 

37.7 

r. 

iWfl 

7 

1 

- - . 

1 

• 





" * ' 

3 

| ftf 

i 

! 017 

on 

mi 

oMl 

007 

1 

r 

• 4 

* 2 07 

•j 

11) 

1 13 

1 


If the first two columns are plotted the points In* on a curve, but by 
plotting the second and last columns 3 and (Fig. 72), a straight fine 
through the points and passing through the origin may lw drawn. 
At the point c, & - •034 and J-=3 2. Substituting thew* value* Ut 
the equation 8—ax.^, the relation between the variables is found to 

be 4=-007xJ. 

b 

Simultaneous Equations. —Two general methods of solving 
simultaneous equations have been descrilxd on p. 132 ; another, 
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whiefc may ho called a giaphiea! method, is furnished hv using 
squared pupei. The methodpipplied to the solution of a simul¬ 



taneous equal ion eontain'mg two unknown quantities, consists 
in plotting the two lines given l»\ the two equations. When 
• this is done the point of inteise. tion of the two lines is 
obtained. This is a point eoiniimn to l**»th ‘lines, and as the 
coahnliimtes of the point obviously satisfy both equations, it 

is the solution required. 

• 

hJ.v. 1. Solve the simultaneous equations 

(i) fa* * 4y = IS. (ii) t.r '2>t~2. 

- n 18-3/ 

From (i) v~ .- . (hi) 

4 

From (ii) y~2.i l.(iv) 

To plot the lines it is sufficient to obtain tw'o points in each and 
join the points by straight lines. 

In (iii) when x--Q, y--f“5 ami when x-5, y=’75, the first givea 









* PI/OTTINO. SIMULTANEOUS EQUATION'S. l«l 

point « (Fig. 73). the second point b. .loin a and b and tiu*. lino 
corresponding to Kq. (in) ik obtain^). * 

! r • 



Fin 7‘1 * N‘lotion "t "triKitt imi.ii-. 


In Kq (»v) whin r l.i/ 1 and wlun J X </ 5. the first give* 
point r, tin* weond gives </. .loin < and <1 and tin- two linos uro 
seen to cross at/. This jMnnt of mt<i««iturn jv a point common to 
both linen, its cooidmates .ire wan to Ik* > - 2, y - 3 and those 
values satisfy the given simultaneous equations. 

AV. 2. Plot the two ImeH given lq 

4r^3y 37, and lu • 1 •*>// 13, 
and show that the two lines aie parallel to e.nh other. 

KXKKt’HKS. XXVI. 

I 4 , Graph y—uf i b (i) when h 0, o 1, (ii| b 1, a ----1 i, * 

(in) b- I a - 2 23, i iv) b • • 1, fi — 1 5.^ 

2. Tho following obset ved values of K ami /{ are supposed to \n 
related by a lineal*Taw of the form K - nit 1 b Kind by plotting tho 
given value* of K and It the most probable values of n and b. 

0 ) 


K 

6 5 

7 75; 

1 

9 

10 

11 

12 

13 

14 

15 

16 

R 

14 

21 i 

28 


42 

« 

56 

63 

TO 

77 
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<«t 


E 

y 10 

■ ~' « 

13 71 171W 

2i 46 ; 2»J 71 30 96, 

l 

■ 


< _ ± _ 

R 

•is 

I-. 1 ft; 

7« 84 ‘ 98 


(Hi) 


E 

17 

i 7 

3 7 

I 7 . 

•* 7 

| 6 56 

E 

' -S i 

li 


70 

M 

; « 


(ivl 


E 5 

M» 

i i*i;» 

1 373 | 

1 73 

2 062 

2 687 

It 14 

L'S 

i-j 

; 1 

J i 

70 

HI j 

112 


(v) 


6 0 6 73 7 3 

*»'»<» » 75'l0sjl20;135 

- 1— !- 

154) 

165 

14 21 28 

33 « | 111 St! 70 ! 8t 

98 

112 


<* 1 ) 


\E 

<5 

%f> 

7 07 | 8 

9 06 

10 j 10 98 

— j-*- ■ - - 

12 

18-03 

R 

126 

. 

kw 

130 ! 171 

1 

193 

217 j' 238 

261 

30ft 


3. In the following examples a series of observed values of E, R 
and F are given. In each case they arc known to follow laws 
approximately represented by E~aR + b, F*cft+d\ but there are 
errors of observation. Plot the given values on squared paper. And 
determine in each case the most probable values ot a, b, c and d. 
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( 1 ) 


K 

• 3 5 

r. 

«7* 

8 “25 

; 9 7.1 

11 5 

1325 

14 5 


% 



- 


— 

1 

— 

* 

14 

28 

42 

50 

! 70 

84 

ny 

112 

T 

' 

2 9L» 

3 83 

5 00 

5 92 

| <1 83 , 

800 

9 17 

9-83 


- - 

- " 



-- ~ 

- 



• 

•E 


1 

l 

2 

2 5 

3 

3 5 

4 

R 

• 

i- 

28 

10 

-.2 

01 

70 

88 

r 

3’* 

f.T 

80 

104 

128 

102 

170 

200 


(Hi) 


E 

3 25 

4 25 

I ** * 

6 75 ' 

,rr. 

7 1 8.1 

9 25 

in ; 

r ; 

14 

• 

21 

I**’. 

i 

»• s 

I 

42 

49 50 

03 

70 '■ 

r ; 

j 2 68 ! 

3 39 

| 3'8*; . 

■ 

4 32 | 

5 CM l 

5 5 0 22 

j 0 68 

! , ; 

i 7-14 | 

L-J 


(lv) 


K 

•5 

1 

1'5 

•*> 

“ 

25 , 3 

1 

3 5 

1 ! 

4 5 


9 5 

23 5 

38 

51 

645 j 77 

89 

100 s 

1 

m 

P 

962 

47 8 

69 a 

916 

113-51 137 

1603 

184-8 j 

209 
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r> 






V 


K 

( 30 

3 «2 

* 

< 

:»o t; •>: 

. 6f* 

1 1 1 

7 37 1 SO 9 0 | JO0 

|* 

12’5 

li 

u 

21 

2S 

35 42 

49 

5«; <13 ! 70 1 84 

112 , 

r 

3 11 

2 75 

3 33 

;{.»} in 

4 r. 

7 lit 3 37 1*08, 0 5 
' 

7 83 . 

(vi) 








K 

31 

47 : 

;>:i 

•it 09 

73 ' 

* K! sr ; 95 ! B? 

,.i! 

It 

7 

9 | 

it 

12 13 

It 13 10 17 18 ' 19 

30 I 

F 

o.y 

112 ; 

i:>o 

i> i iru 

173 1 

"M 1.811 194 ; 208 . 21 

i i 

i 22 j 


(Vi.) 



K 

1 231 1 73 

2 73 3 23 t J5 ' 

1 73 5 23 1 5-73 I 0 23 j 6 48 j 673 


R 

3 17 j 4 12 

7 13,S 11 lilt 

12 17 13*2 l*i\* 1« 4<» ; 17 OHj 17 73 

•• 

F 

112 5 174 

1 

23 : 277 319 

* ■ t 

308 393 ’ 430 454 ! 484 i 506 

1 1 ' i 


k (viii) 


B 

\ '875 

1-375 

l 875 

2 375 2-87* 3 37 J 3 87 

4 37 

4 87 

R 

9 2 

23 D 

375 

51 5 65 5 ! 79 5 1 94^0 

1 1 

107 

122 

F 

j 63-8 

661) 

97 5 

119 5; 141-5 j 163 5 | 185 

308 

_ 

229 
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1 Find the relation Ijctween n and log X from the values j4 von 
in the annexed table. • 



H 

•3 j * a 

| To j 

I 0 1 25 

1 5 

1 75 2 0 


25 | 

A' 

‘Hi 122 

1.7) : 

185 215 

: :*)5 

355 43.5 ! 

515 

1 

, 6-5 | 


• 




9 — 


. - - 

U%N 

• 

l 982 ; 2 086 

2176 1 

2 208 2 30 

2 18.5 

2.V.1 2 63!) 

2 712 

, 2 796! 


5. fcn the follow mg tables .t M’tieH of observed values of n and X 
art? given ; find the relation taiween u and log X. 

(>) 


! n ;! 25 «5 7*5 

l 

| 1 25 1 5 1 7:5! 2 

2 25 . 2 5 2 75 

j ar jj i.vi iso j » 

.57.5 

185 035 835 1135 

1.53.5 1835 2435 


(«) 


n' 

25 ! 5 

~ 

— 

A ' 

145 186 


1 1 25 . 15,11 


A' : 145 lwt inc. ir.Hi :w»; 495 m m 1115 


<iii) 


AT 

! wo 

145 

470 

480 

505 

515 

f 

530 515 

*• 

.568 

n 

314 

282 

2 54 

far, 

1 87 

157 

1 25 9tif> 

•054 


If in (i) M -85, in (ii) M - 135, <iii> M =610, find in each case the 
relation between n and log 





in# Workshop mathematics. 

<* 0, In the annexod table, values of L, the length of a liquid 
column, ami 7‘, its time of vibration, arc given. The relation 
between A and T 3 is given l»y L~<tT h ; find a and b. ^ 


I I, |j 5 1 j 

2 ft 

" 7 

:t o | 

3 2 

34 

3 6 

j jl i 

T H 1 'Hi ; 


i 20 

1 31 

13 \ 

1 42 

| T- il 1 18 

l r»i 

t nr, 

i ;•.> | 

1 HO ! 

2 02 


ti 

Plotting a Curve. When ,m equation connecting a two 
variables is given, then it has been seen that bv giving to one 
of the vnmble.s a senes of values, eoj responding values of the 
other ean *ie obtained 

Ex. I. To graph, <>r plot a curve, the equation of which is 4y~ x*\ 

. >i ''' .o.(i) 

By giving a series of values lo a. 1. 2, .*{, He., we can obtain from 
Kq. (i) corresponding values <*t y. '>' 

Thus, when j- 0. y o. 

Also when r-I,iy | * 

It will lie convenient to at range the two sets of values of x and y 
as follows: * • 



As y is 0 when x is 0, the curve {Misses through the origin for 
point of intersection of the axes), plotting the values of x and y 
from the two columns, as shown in Fig. 74, a series of points «rs 
obtained. 

A curve can be drawn through the plotted points either freehand 
or by bending a thin slip of wood. 

It is sometimes difficult to draw a fairly uniform curve through 
plotted points, but vfhiu a curve has been drawn improvement* 
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may bo made, or faults dot mod, by siraplv holding the paper *n 
which the curve is drawn at the level nfgthe eve, and looking nlolfg 
the curve,* Some such nimpl#deviefi should always Ih> used. 

The curve plotted is of the form </•-=«.<% and is known lie a 

parabola. 

As the square of eitlu-r a positive/>r a negative iiihiiIkt is 
necessarily p^itive, it follows that two \alues of .r, equal in 
magnitude but opposite in sign, correspond to each value found 
fury. By using positive values of .»*, the euive shown on the 
right of the line <»/ is obtained The negative values give the 
corresponding eurve on the left 
'rte constant <i has Uvn assumed to Ik* positive, and equal to 
1? the constant .1 Im« negative, its numeneal value remaining 
the same, then the equation l>e« nines >1 i r *; this when 
plotted will be found to lie anotlnu jiaiabola below the axis of x 



The apace deecrilxsl bv a Is sly moving with uniform acrelera- 
tion f ia known to lx* given by the equation *** \ft l . 

Ex. 2. Plot the curv4 (a l assuming /=■ -f 4, (&)./- 4 8-, 

(f) /# ±3*2 (values of t can lie set off along ox, and corresponding 
values of i along oy). • 
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JCx. 4. Plot the curve x* i y l 20. 

First transpose ami get y ,J *- 20 x -; 

f • 'J-^ .* ..o') 

Pulling in (i) r 0, 1, 2, etc , cut responding values of y can be 
obtained. 

Thus lei * I, then y S s21P i i N 'l«l , 4 3ti. 

2, „ „// • n -’H I • 4 

Preceding m tins iiuumei tI m* numlieto in the following table are 
obtained. • 

(1) r \ i) ! I ■: ( I 47 if* 

it ; ' - i . 

i ! I 

j (-1 n ii: i :sii i :t:e 2 0 1 

As tin- M|MJiic of a ijimnlity, whether the quantity be negative or 
positive, is necessarily jMisitive, it follows that com-sjionding to each 
value of x tbeie aie two value* foi y, equal in magnitude, but opposite 
in sign. Thus when .1 2, y r 4 and y -- 4. 



In a similar manner, whether r- t 2 or - 2, its square will be +4; 
thus the tmmliers in the rows (1) and (2) are to he taken as both 
positive and negative, i.e , values of x .ire set off both along OA 
and along (1.1and corresponding values of y are set off lioth above 
and below the line A'A. 
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Again, when x-0, y--4'47, and when j/vO, a* '4*47; andstne 
maximum values of Isttli x and </ aie # equal, each firing the rattfus 
\»{ the citele (Fig 7*q. 1 huf, the cum* passing through the plotted 

|s lints i.-i Totting to Immi * ii* h\ «entu f>, i.idm-* ! IT 

Ax. 4. Plot the cuiw ^ ^ I. 

• « -'V s’ . 

As in the last evunple. .* t dde gi\ mg eot responding \ allies of .»• and 
y citifls: made. Kiu h value of < and y being jM>siti\e and negative, 
the curve when plotted will )•* found to he an ellipse 

Another important ,ui\e m the rectangular hyperbola; its 
equation is of tin f"i m > >i •, wlieie* is a constant. 

l^et the e<ination he nj s ; 

% 

... H " { .0) 

From (i). when r is 1. >( s When < is l, y Mi: when cm 

^0* 4lrt , // -H000, or, in otln i wolds, as tin-\nlne ot / m diininmlied, 
the eotirM|H.inling value «»f >, is in* leased 

it will he seen that when * <>, // . *-i is infinite in value. 

In other words, the nine gets ne.uei ami neaiet to the line «y 
ax the value of ./ is diminished, hut does not r« a< h the axis at 
any finite distance fioi* the oiigm This m expressed by the 
Hymlsils // x when x <> 

u 

Ah equation (i) can he w ntten > , it follows, as hefoie, that 

when y--0, r- x. '' 

The two hnen or axis o,V and o)' .nr railed asymptotes, artd 
are said to meet (or tomli) the nine at an inli»iite distance 
from the origin. 

Arranging, as liefme, m two columns the sene** of valueK of x 
and y obtained from K*j. (tj^we obtain 


Values of y, - - 0 | 1 d 

, 1 

4 : 5 | 6 

j i 

7 1 8 j 

Corresponding values 1 „ w » 

ofy, . . .( * 8 : 1 

2 ; t ' i 

re 1 

. i 



260 * WORKSHOP MATHEMATICS. 

TJhe curve obtained is of the utmost importance ; it is shown 
in Vig. 70, anti should Ik? t^irefully plotted, also using different 
values for the constant c. t 



The rectangular hypeilsiln i*. tin* euite of expansion fora gaa 
such as air, and is often taken to represent the curve of expan¬ 
sion of superheated or saturated steam. 

If p and v denote the and rohmu' respectively of a 

gas, the ci|nation Incomes pr - constant --c. 


MISCELLANEOUS EXERCISES.. XXVII. 

Plot the follow mg : 

1. jr-f.n a 2. y 3. y~?*-& 

•1 (i) K- -’<!/>' < '13; <n) y--l-76A' i 1-47. 

5. (i) i *7 ; (ii) F *3AN 2 .*». 

c 

6. j^+y-25. 7. (tfffi. 8. y=*A 

o 4 

9. y=5-A 10. y-'ij-. 11. y=4x'*, orays.4, 

12. In the equation plot the curves obtained when * 

has the values I, 2. 3, 4, i.e., (i) y-x, (ii) y=ar*, (Hi) y***, 

(iv) y=A (v)y = x*. 
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15. The following tabic gives some sixes of Whitworth bolts nun! 
nuts: > 


d » Diametc^l 
of bolt in \ 
inches, - f 

' j 

2 

5 

s 

< 


1" 

U 

d 

ii 

if — Width of-, 
nut anA 
bolt • head • 
actons the j 
flat aides, •' 


•70 

j 

i*i! i Oil 

i 

I 

• 

l so 

1 

J 07 

1 W 

2*05 

222 

W ~ V? dtli \ 

% across the !■ 
copiers, - j 

« 

HI 

im\ i a; 

; 

1 5 

1 70 

1 95 

2 16 

2 30 

278 

d\ — Diamotei 
of bolt at I 
bottom of [ 
thread, J 

lit 

29 

30 

51 

02 

73 

M 

91 

1-07 

1 29 


(i) Plot d and i r, and obtain the relation Itetuccii d and w in the 
form i o — tid + b, and find the constants a .uul h. 

(ii) Plot d and If’’, and find the constants a and /> in the relation 

d=aW\h. 

(ill) Plot d and d h and find the constants a and f» in the relation 

^ d - ad, • h. 

• . • 1 

(iv) Plot the results obtained from the usual rules and coin pare 
with those already drawn ; 

i.e. io- 1 hd t i", M' - 2</. 


16 , The following table gives some prices of steam stop valves : 


Diameter of valv%| 



in inches, - ( 

** i 


Price, - 

| 2f*. &I. | 70». 

lHOn 


Plot these values, and find the probable prices of valves 3 inches 
rod 6 Inches diameter respectively. . 

W.M. II. * 
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tabh 


17 *■ Home particulars of 

,b!l!: 


riveted lap joints are given in the following 


t - Thickness of plate, 

' 


« 


< 

* 

1" 

d Diameter of rivet. 

l 

7 

i! 

i r 


« 

/), - fitch of uvets | 
{ttwjfe rti'ftrd), -1 

2 or* 


2 3 

2 37 

r 

2 40 

2 63 

p< Pitch of uvets 1 
[double rnrlni), | 

3 x\ 

3 \x 

:t 00 

3 1)3 

3 63 

3 95 


Plot <1 and \t, and obtain the value of the constant a In tjie 
relation d~n\t. Using the same \allies for t, plot the lino 
d P2\V ('ompaie the leMilts obtained from the two lines. Find 
values of i / when t is )‘,u and j\\ Also plot d ami />,, and d 
and p. % and obtain the h and r in the lelatmns p x ~d t b; p^-d + c. 


18. 'I he |H)pulation of a count vy is as follows : 


Year, 

UCW IS It) j 18,Wi 1 !Sf,l) 1 1870 

1X80 

1890 j 

Population! j 
(miliums), 1 ! 

20 ‘ 23 5 29 0 I 34 2 41 0 

— 

49 4 

j 

57 7 j 


Find by plotting the probable population in 1^35, i860, mill in 


19. In a price list, the following pure* oecur: 

12 pint kettle, pnee 68 pence ; 

* 6 ,, 50 

2 22 

i Find by plotting the piolnihly collect puces of 4 and 8 pint sizes. 






M1 SCKM.ANK()!'S FA Kl!( ’INKS. 

, Section I. Multiplication and Division 

Cl,lll|,Utr 

1 . (i) x lira. a:, 11 . mi t a : cMi‘*t > 7 

2. (1) I - :«•» • .‘r n2t III) lr_>l . 12 .{If 

3. Ill .'l-llS ^ !1 ■ 1 ■_>:{. in) a 111 ,-, !l 1 23 

4. in iinan.-iii .11 tin;, mi :m:,n i in;, 

5. (ii 23 n7 ■ <i l.').",l [ii)2an7 I a:,I 

6. Ill llis 3 ■ 2 47r, (ll) Hi sa 21 7(1. 

7. (i) (i-iiisa : n (Kfji 7 ii 

8. Why nif I hi Inwall! Inn 1 , nf (mm mi iiiiiii. iiiiiiiIm'I h miilcil U) 
olitiim lli,. l.,i,.iinhiii mi <h, t, |,i *m 1,n i ' 

9. Win . 11 ,' y„. I,,),^)itl,lin.i4 I MM iiuiiiIm I , ,-tih)).)( tell tf, (,1,1)111, 
the Itiynri!I itii ,,t then ,|i),,l i, nt'' 

10. Write ,Imm ii the lain, a ,,| I.",3 4, ley, 1 m3 4. 

Com ptl te¬ 
ll. (i) 3ft-.W-f.t-HW. • on iM0f.7li,i|..||if,. 

12. (i) ft!Ml.)vii-.V«4. (ii) II 12311 : m~M.» 

13. 0l II W2I - (i2471. Ill) -I 3211 : 0«»ir,7. 

It 87‘33-f (0-3324 ■ 3-31 111. 

• 

Section II. Involution and Evolution by Logarithms. 

Compute 

1. 4-I0S 1 *, H ()4HM-U 
3, v3724, % 3 724. 


2, 2 »i7»«, 23417 
4. a;2 4-‘\ Il 3724- Jt '. 
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^ The value of a ruby in waul to lie proportional to the 1^ 
power of its weight. If one |iiby h exactly ot the same shape oh 
another, but of *2*2 times its linear dimcf-sium*, ot how main’ times 
the value is it? § 

[NoTK. The weights of similar things aie as the euU'S of their 
linear dimensions. J 

6. In any < lass of tmlune'il V is the powei ot the waterfall and 
// the height ol the t.ll!, and » the l.lte o| ie\olutl<|i, tlieli It is 
known t hat foi any jut lb ul u ekes ot tut bines of all sues 

n x //'-■ P 

In the list ot a paitiiulat maker I take a tinbme at random fi>ra 
fall of ti feet, IDU hoise power, .'»o te\olutions per minute By 
means ot this 1 tind I < an < dmilite „ t,,i dl the other tin bines/>f 
the list. Kind n foi a tail ol 20 teet and 7"> hojsr powei t 

7. Why is the logarithm of a minds*! dmd'-d h\ 3 to obtain the 
login it hm o| its oul>e loot ' 

Why is log t mult 11 > 11 «d h\ h to obtain the loganthm ot «'*? 

8. Compute 

(l) (1 tiNdi" 1 '-, (II) (0 OHttl) °-‘ rt 

9. 07*43 •; (o:t.v2t • «:i2h-* 

io- if ,:;1. (< ■ '• 

find « when r .‘1 and .1 *2<Vi 

11. Kind the \alue of 

til (1*312 voni7;{| . i mm 1-271)0in 
(in (i :i42 ' o 01731 (m» 27 !)"•»•. 

12. \ f iiH)7, -JfiOT 1 ", *20 07 1r . • 

13. If i>\ v i ul - /V*: 1 “and it i Jr x Ik- ealled i. 

If p., -fi, find r il - b'iO 

Compute 

14. t'2-3jfx"lDil7, (32-Wf*. 

*15. * On.'it F A7ir‘ J :-4/-. 

wliero 12, A'---3> ItV, «• / - «•_>, l)=2. f=0f.; find F. 

16. (liven where /* denotes the horse-power wasted 

in air friction when a disc d feet in diameter is revolving at » rovo- 
lutions per minute. 

If /» =0 I, when d ~4 and h~ 500. find the constant c. Now find 
P when d is 9 and m is 400. 

17, If // is proportional to and if /) is 1810 and r is 10 
when // is 0*20. find If if /) is 2100 and v is 13. 
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» ,f r, v'/j"/; 

find tlit ratio of /, to l„ wtirn T- T, — r< *27. 

19. Kind Uir tilth loot of • H‘Jol. 

20. Kind the t«*ntli pown and the tenth unit of <1*7. 

21. If m (<•' i !- -» " “-'■)* . find /» it n 0 . r t<f4, It ~ 03011, 

a - I -r*#*7. • f 

22. Assuming that tin 'spun n of tin |m i i* m1i« I lines of the planets 
va^\ iw t lie « ids-s <»i the Mini ni.i|<n ,i\» *» • •! the.r oihits, determine 
the wiin m.ijoi a\i> oi the **tl»il ol M.ns .dmut tin-Nm from the 
follow mg dat.i 

"lVnodie tune of Kattli .‘Mm «la\>- 
.. Mu. <;>: , 

* Senn-m.tjoi axis of K.uth * **i l»it 03 * I O' 1 miles. 

Section III. Area. 

1. Kind the .ui’ii o| .i mde ot i.elur I til 

2. Kind the slant In ight .uni mmd -mlaie of a ught cone, 
the radius ol the I use In-nig 1 4 ft md tin* In ight In it. 

3. Kind tin* ‘•uit.ee ot a “plu-ie ot radius I'I tt 

4. The ordinates of .in incgulni plane figuie I null apart are in 
indies as follows ; *2l» Ho. JS ‘to. JH to. *JS HI. 2S h-J. Jit 0, *JD ft:>. 

Kind the area ot tin* figure, p; using tin- mean of the ghen 
ntunhora; (n) using Simpson's mle. 

5. The sides of a mangle are 13. 11, and In feet. 

Find its ami Hu- ife.-uesl rupiair foot. 

6. Kind the, length and weight < f i wiought iron flat liar, 1 in. 
thick and 3 in. wide. ie«pui»d to nuke a hi sip l> It. diameter, ** 
allowing *2 in. an overlap at the welded joint. 

7. The external dimensions of a m-t.mgulai eintern ate : leflgtK 
fl ft. 4$ inches, width 4 ft. 3y nielies, and depth £ ft. fijf im-lies. 
The mean thick ness of the matenal h J null. Kind the nitcrAal 
surface and cost of lining it with lead weighing 0 Ihs |»er tup ft. 
and costing 3d. per lb. 

8. The areas of a squa.s* and a rectangular field art* equal, thy 
lengths of the sides of the latter being 13.V3 and 10.3 K metres 
respectively. Find the cost of enclosing the sipmre field by a fence 
at 2'ft francs per metre. 

9. A circular lawn has an art* "f } acre. What is its diameter? 
There is a path round the lawn 0 ft. wide. What is the area of the 
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,1V A Imiler contains .TOO smoke tul*es, each 2f inehe» internal 
diameter. Kind tin* loi.il im\*toi diuught tlmuigh them. 

11. The urea of a square fii-ld fulls -hoif ot |M ,u:?es hy 4-W square • 

y.iids. {find tin* length <>t each side $ 

12. Tin* diumctei ol a < m-ului Iuvmi is II yards, and it is sur¬ 

rounded l>y a gravel path 10 It wide \\ hut is tin* area of the 
gravel paths’ • 

13. A cylinder _N) It. king and f> tt in liarnetei is r;fj>|>cd at one 
end iiy a henusph. i»* and at the otlni l»y a (one II ft m altitude. 
Kind tin* cost ot |»nml me tin vv hole hiii |,u « at (id pci squaioyard. 

14. The ordinali s ol ,i i in\e I in upuituir t 1)0. 4‘70, t !>2, .'>14, 
i M. 4 12, 4 ‘JO 

Kind the non lietueen thcemve, tin .i\is of ». and the first aftl 
last u| the givtn oulmati-, (i) i»\ the 'IMpi/oidal rule; (It) Ijy 
Simpson's Mile 

15. A lertanguku field nmlmns I m ies ; it »t wnc | I yds longer 
mid 7 yds imimuet than it m, its.nci would 1m un.dteied : find its 
length and la emit It 

16. A etleleaud III eipuhltel.d tliatlglc have eaell .1 |M*tlllU*tcr of 
1*2 It. Kind tlien aieas 

17. In a reel.maul'll field ol acres the hngth is to the breadth 
is 4 to Kind the length 

18. A plot of I nid nMiistues otm n-n s and is m the h‘itn of a 
loctiingle having its length time turns Ms lueadtli 

l‘ind to the neatest yatd the length of teiue which would l»e 
required to enclose it. 

• # • 

Section IV. Volume. 

1. Kind the volume ol a etmilar cylinder- t adius of I wise 8 ft., 
length It tt. 

2, Kind the volume ot a sphere, radius 1‘4 ft. 

*3. A volumf ot St 7U2 cubic teet of lead )s divided into two equal 
nuts. One jwirt is toitued into a solid spliere, the other into a cone, 
he radius of the Imse lieing equal to the radius of the sphere. Find 
he radius of the sphere and the height ot the com*. 

4, A hollow eylmdei, radius 2 ft., contains water to a height 
if 1 ft. If a heavy sphere, radius 1 ft , is placed inside the cylinder, 
Ahat will lie the height of the water? 

5. A plate of metal is lilti fi in. long, I4t> in. wide, and 2 in. 
thick. Supposing it to lie melted and cast into an exact cube, what 
would lie the edge of the cubo? 
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6. A cubic foot ot fi'ppT weigh* 560 lbs. It i* rolled i*to it 
wju.m* W 40 It. I<»ng An i\»wt culjp u» cut iroin tin* Mu : linn jtn 

7. The c4^i"* <»t .i ic< t uigul.n Ihi\ hiv U*i( in , lOjj in , a yd lj( in.; 
find the edg« <>l <i mbnul h.»\ ot the Mine volume, and eompaie the 
ureas of tile *.1111 l< cs ot the two l»o\es, 

8 . A lake, vvhii*,e an .1 i*. t< ten. is«e<»\etrd Willi ice "i a mnlotill 
llllehlicv. o ill ; tllid tin W iglit o| the lie 111 tons, if n Millie foot 

of It Weighs . "Mi His • 

9. Find the \vi'i r 'hi in kd»igi mi. oi i i iiliu ,d li[ia k of iiu tal each 
of 6 host* edg« 1 is 1 it* int Ins It.nj having given that a < llhle eenll- 
met 11 * of the imt.il mi ighs s M.'» .-i.niis 

, Find alvi to t lie neatest «1 ntiiin 1 1 *■ tin length of a diagonal of u 
lace yt the Mo. k. 

*10. A ieitaii.rul.it li.'.nil of Wood |s 0 t unties long, 0 35 metro 
wide, and 0 *2S untie thuh find the wiijht m kilogiams if the 
w.mhI is thl< e <|iiai t* ih as ,i\\ is ,ui «ijiial voliuin ot water. 

11. \ log'll tinihii )s :5ii tt h.n_r. the ile.es ot the tins* Meet urn 
at • ijual di-U.im • - ->t <1 Je» t an s .‘>7. .*• Si, I 0.'», 2 Ml, 2 n, 1 ol. I 05. 

Find the volume h\ tin Ti.ijm /oid.il and Simpson's ml. s, 

12. Find tin volume ot a s|iln 11 < nl kIu II, tin mt« mal and external 
l.ldll lieiti” H Ills and 10 , 11 - it s|mm tivelv 

13. The nm <<t a « ist non lK-wluel, ot lo ft mean di. urn ter, in 
K ins. \% ide and 4 nis the k. tuid its weight 

14. A tills' o) 11 ijijm i <0 52 11. jar * uhn-iiu hi |s 12 It. lung and 
3 ue*. inside di.mn t< i : it weighs 100 lbs Find it' mitei diameter, 
and the area ot its * uived outer suriai •• 

15. A < vat mm tfv-wlieel weighs lIt,Too lbs. Tlie nm is of rect¬ 
angular Reetion ; the tln< km ss ladiallv is r. and its <o/e the other 
way l thr. The inside tadiiis of the nm h 1I-. Find the actual* 

Rl7.es. 

16. Assuming the eaith to he a xph«*ie, if ii> .m undetemr is 
360/60 nautical nnles, what is tin 'iteuinferenie of the paiullel of 
latitude 50'' What is the lenglh time of a degre^* of longituclf’? 

If a small map is to Ik* drawn in this latitude, with nojth and south 
and cast and west din tames to the same male, and if u degree of 
latitude (which ih 60 miles) is shown as 10 mehes, what ilistancu 
will represent a degree of hfligitudc? 

17. A hrasa tnln*. 8 feet long, ha« an outside diameter 3 inches, 
inside 2‘8 inches. What ih the volume of the bra** in enhie inches? 

If a cubic inch of brass weighs o3 lb., what is the weight of the 
tube? 

18. A circle is 3 inchc* diameter, it*} centre i# 4 inches from a 
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it»|ilmn'. Tlii'oircli'rcvolvi-»al«mt the fim' an an axis and so 
generate** a ring. Kiwi the volume of the ring, also its surface area. 

19. r l ’wo men mea.su i e a reetniigubir*l>ov ; one finds it* length,* 
breadth* and depth in uieli<*s to lie JV32, 4'15, 3'20f The other 
HwIh them to lie 5 35, H7, 3 33. Calculate the volume in each 
ease; what m the mean ot the two, what is the percentage differ¬ 
ence of eithei fiom the meant* 

20. A Im>x open at the top has externally the fot%n of a cube, 
eaeh edge of which is inches long; it is made up of five plates 
each an inch thick Kind the volume ot tin* matenal in cubic inches, 
ami show that it, is ncailv thive tenths ot the internal volutnn of 
the Imix. 

21. Kind the surface and volume of a cylindrical anchor n||g, 

the diameter of the cross section he mg 0 inches and inner dnyueter 
32 inches. • 

22. A right eneular cone was mcastued in such away that the, 
diameter of tin base is known to he between lb 2 ami Ib 3 inches, 
and the height between 27 a ami 27 b inches Kind the volume of 
the eo»c, using \\) the Mimllei, (n) the gieater dimensions. 

23. A eneiilai lake, the area ot which is ^ aeie, is «*overed with 

ice of an aveiagr thickness 2 im lies ; hml the weight of the ice 
ill tons if a eulue toot ot it weighs 5b Ihs 

Kind the cost, ot enclosing the lake h\ a fence at 2s. (id. per yard. 

24. The external and internal diameters of a hollow steel 
cylindrical shaft are Iti and S inches respectivelx ; find the area 
of a cross section. 

If the length of such a shaft is 4 \aids. find its weight. 

25. The internal dimensions ot a vvlortghtfiirtu cylinder, with 
hemispherical ends, are ■ diameter 4 feet, total length 8 feet. How 
man) cubic feet of water will it hold? 

28. What is the weight of the metal forming the cylinder in 
thg preceding question, if the thickness is $ inch ? 

27. The rainfall at a particular place is 29“2 inches in a year. 
Tfri how many gallons per acre is this equivalent? [1 gallon=0'1606 
cuh. ft.] 

28. Kind the number remim*d. and the cost of the bricks needed, 
to build a wall 30 yards long. 6 foeUdngh. and 13$ inches thick. 
Each brick may lx< taken to fill a space tt m. long. 4$ in. wide and 
3 in. deep, ami 1000 bricks cost 25 s, 

29. The section of a stream is 10 ft. wide and 10 in. deep. Find 
the munlier of gallons which tlow through the section in 24 hours, 
assuming tin 1 mean tlow of water through the section is 3 milea per 
hour. [1 gallon=01605 cpb. ft.] 
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SO. If 648 are stowed close together on Ixiard a ship.^nd 
the total comI of frughtugc at Ik. 2d w*r cubic yanl, when each nox 
.measures ft. long, .‘1 ft. \*de, and 2j ft. deep. 

If all tile Wes are piled m the form of a eulie, what is the length 
of an edge of the culie ? 9 

31. Kind how many cut* of lead will lie required to rover an 
area 50 ft. long and .‘17 ft. 4 in wide wath a sheet of lead one-tenth 
of an inch tlij^k. 

32. The length and breadth of a ri Hnngfllar reservoir w'ith ver- 
tienl sides an- 12 tt .'l in and N tt 4 in icspcrtnely ; its contents 
are IK 'iS etihie yard* ; find its depth 

Find also the depth of a euhicai resenmi of equal contents. 

"3, Kach edge of a culm of /me increases b\ 0 003 of its length 
fora *se «»f temperature of loo degrees centigrade. If tin* volume 
of'sueh a cube is originally 125 ruble nnhrs, tmd the increase in 
volume when the teni|wratuie of the enls* has Urn raised through 
100°. Kind also tin* < orrespoiwlnig met ease m the mu face of the 
cuts'. 

34. A Ih >llow east non < vlmdei is 4 112 inches long, its external 
and internal diameteis are IMoand I ‘724 inches respectixrly. Kind 
its \olunie, its weight, and the muii of tin- areas of its two curved 
surfaces. 

35. A circular anchor nng has a \olume U3o cub. m. and an area 
620 »q. in. Kind it-dimensions 

36. A path 6 ft wide is to lie made on the outside of a circular 
lawn 30 tt. in diarnetci. What will Ik* the cost of covering the 
path with gravel to an average depth of 3 unites, if gravel costs 
3a. per cub, yaid£ 

37. The external tlimejiHions of a eiHteni are : length 6 ft. 4jf in., 
width 4 ft. 3} in., and depth 5 ft. fnj in. The mean thickness of 
the material is § oi. What is the weight and the uniiilK*rof gallons 
of water which the cistern can hold ? 

38. A pieco of onpjier (HjH*citie gravity 8 9) 1 ft. long, 4 in. wifle, 

and 4 in. thick, is drawn out into win* of unifoini diameter -\if in. 
Find the length and the weight of the wire. * 

39. A roof flat 4K ft. long and 32 ft. wide is to lie covered with 
lead in. thick. Allowing 5 jn;r cent, for roll joint*, find the 
weight of lead required. [1 cub. ft. lead -712 lbs.] 

40. A cylindrical gasometer with a flat top is required to hold 
two million cubic feet of gas, and is 200 feet in diameter: 

(i) find its height; 

tii) determine its weight in tons, assuming the average weight of 
the iron plate and frame to be 7} lb*, pei; square foot of surfaoa 
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41. A lwiil«*i contains r»oo smoke tubes, each *2f inches internal 
diameter. Kind the total v^-mbt of the lulus if the thickness of 
metal is £ in., length 7 It., and specific giAMty of the material 7 # ‘8. 

• * 

Section V. Symbolic Notation, etc. 

1. There are two quantiTn s, >i and l>. ’I’he squaie of a is to Iks 
multiplied h\ the ■aiiih of ihe squ hi ■> of n and A . added, extract the 
culte loot, divide h\ the pioduet of a and tin squaie root of /*. 
Wlltedown these steps and tin final lesult aim hi anally. 

2. 1^'t J' he multipln d l»\ ihe s,|uaie of y and sul>traeled*fiom 

the eulw of the euhe mot o| the whole is taken and is then 
squat ed 'I Ins is then divided l»\ thesmuot /,//, and’.. Writ^all 
this dowu algeliiaieallv. * # 

3. V\ itie down algehiaicnlh Tlnee times the square of r, 
multiplied l>\ the squaie loot of y. tiolll this suhti.nt II times the 
Nii|)ivieun louuithm of r; ngiin. suhtiaet /» twins the sine of c.r; 
divide the M-sult l»y the stun o| the (ills- ol i and the square of y. 

4. W i ite down algehi m all\ Squaie n, div nh h\ the square of 
/*, add 1. extiaet .he -apian loot, multiph h\ n\ and divide b\ the 
squate ill ii. 

5. Heplesdlt Ihe following aloi.hi.Ui all\ The sum of the cubes 
olt wo iiuinhei s div nh d l»\ then sum equals the miiii ot the squares 
of the same immlii in dimiuished h\ then pioduet. 

6. Hepresent algehiaieallv • I lie nth povvej ot it exceeds the nth 
root of the mimhet h\ the •/th loot ot its /Ah powei. 

Kesolve into taetois : 


7. 

> 7r f 12. 

8. 

1s. 

9. 

t lire 3t t. 

10. .a 

■r 30. 

11. 

.r 1 1 tf 4a 4 37 

12. Ii. 

- iix ir». 

•13. 

it* l 4/i r | J i J y- - tiy J). 



• 14. 

Stmplft> S i 

n 1.7 

.»* 1 17 


(j l.iip In 

i8|(r 

17) i.r S)(.r I,.)' 

15 

X* Mr'-y- • Itiy 4 




x 9 ■ tu- 'y t rjj-y*’ - Sy 

• 


16. 

Nnmthfv J J 

' i - Aj i i 

1 '2i 2 f r ■ : 
"2j - 1 or 4 

Lo 

3 •’ 


and find its value to three siguifiertnt figures, when *•- 1 + v '3. 

Show that f.r i.r I 1-H r - U - (.r- 4 j t 3) is the product of three 
factors. 
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If x Manila fill' a pnutim wluilc mnnlmr. alum tlull 111*- ify’'*' 
faetora urn ■•iilm lliu-c .i>iwi’<:uli\i- u*-n iimnlu-in m tlitvv innai-ou- 
livo (ali^numlHTs. • 

• • 

Section VI. Simple Equations. 


Solve the equation- 



• 


1. - ,r • ;i *;i ' 


2. 

; 'v 1 - 


a. 4 7 : 

0 

4. 

i r 1 

<i :i 


?•; T : 

1,' t 

It 

■_> 

6. ' - 1 
i 

• 2.4 _ i * 4 

' 4 ' 

•7. W :m(i ) 

:t 2* 

'l' 1 

). 8. 

13f .j & *1 

9. iu ■ Hi+ ' 

10 

1 ' 

10. ■' 1 

2 2:i 1 1 If> r 

t r> 1 4- 

11. (.r - 3) (a-1 7 1 (. 

:*)<»• 

M 

1, \ 

1 \)i * H ,r t 1 

12 » 1 S* 

13 - V ’ 4 - 7 

it / 

/ 

14. “ (i 

, . „ . b 

n ll 

'Sr \ ii X 1. :ta 

1, a 

.i * (»r 
nb 

)<)' 

16. -i 

n ■ i’ i h*r 

!• a 

17. - a- • Ir 

hr at 



is. 

•ll 

. •, :i . h 

i b 2,1 a 

- n a x b x b 2 • 

ia ’ h a n * k- 



20. rn 

f ., <i(' 1 l [[) 
a \-x 

21. -o 

a* r b l i- 



22. * ’ 

X 

2. 

b X ll 

x a • 

23- - r /, i '■ 

1 

24. 

lx t a 1 
b 

b ’.{a i + (a -ft) 2 
a * ab * 


Section VII. Simultaneous Equations. 

1. If:-.a x-Ufx*. , 

If : - 1 \L’ whan x I and y - and if K-.VI wlmn X - 4 and 
y= 1, find ft and b : also find z when x - 2 and y- •* 

2. If y - fix^ -» brz". 

If y-62-3 when x-4 and t-2, and y 1H7 2 when x 1 and 
c= 1 -46, find a and b; alao find the valm of y when x ik 0 and z 

is 0 5. , 
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*3. \i t f> -'2b .iiuI ti /> i find tin- values of t and p when 
r-4 -J.'i, a - 31H-3, b 4 So • 

4. ^olve the equations • 

r. 1 7 »» 24 


= 1. 


5. f 2y 3J, dr !>y * 4 

6. -V 2y .*», (5// «2.r 11. 

7. 


" 21, l;/ l ' * 211. 


8 . “ t .'ly 7. ’* 1. 

9. r i (i2// ii 4, 1 -7• ii ill// ii 111r> 

10. ,’>r Hi/ I n, 2r 1 .”»// . -’ri i - 

11. .'ll' I 2.1/ ; 2, :»./ il; |5, 7.i y f 2*. - 34 J. 

12. n.r />// a*, (h -n)x i ay //. 

13. 2.i-1 ■' :o , - -tii. 

y y 


14. 


■r v»■« 


Section VIII. Problems. 

1 1 In nlr 114 2 » Ikl. nniongit I hi..1. 11, ami 0, so that 

A H Him re nmy Ik- glim ot /> s and /fit ih.ii 14 I \ of 

2. Ihnihi 2711 mi.. iu„ |»I.I» HI.,'1, that ..m ’tliinliif tin.' first part 

ii Ii’om l.y l.i tinm onc-huh ,ii tin- | Mlt . 1 

3. Kintl il ii.iinWr mil'll Hint, when ..siml l, v 3. ime.fmirth 

nunii*M' ' " W1 "" r "“‘ y pR '" UT 'O' ’-2 tlmn nni' lifth of the original 

■ 4. Oiviilo £3. ISs 4il. .mu>ny llnvi' jm'Iiohs Ii, C. go that B 
mnv nwive mrt-n-i-ightlw ns rmn h ns .1 anil anil five shilling* 
more than is. ® 

?’ t !?’, , A U i nUM,l !° r a /T lta,n w 4 less than the denom¬ 

inator ; if 10 1 * subtracted timn the numerator, or if 30 be added to 
the denominator, the resulting frac tions would be equal; find the 
original fraction. 1 

6 . A crew which can pull at the rate of f, miles an hour finds 
that it takes twice as long to come up a river as to go down: at 
what rate does the river flow ? 
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7. The electrical resistance of a copper wire ia proportional to 
its length divided by its cross section, -(show that the resistance*©! 
;v pound of wire of ciroula^ sect ion an in one length is inversely 
jiroportidflal ti^the fourth powei ol the diameter of the wire. 

8. Some men agree to pay equally for the use of a boat, anil each 
pays 1") {K*nce. If there hail l«een two mote men in the party, each 
would have paid 10 jietiee How nnui^ men were there, and how 
much wan the hire of the Unit ? 

• 

9. The total cost f’of a slop perhoui fimtuding interest, wages, 
coals, etc.) is f--.ii a 5a 3 , when- * is the spoed m knots |H*r hour. 

• When k in 10, (' is tumid to 1 m* €5*2; 

shI5, r . .€7-375. 

Calculate « and 5. What is (' when * is It!* 

How*nianv hours are -pent m a passage of 300 nautical miles at a 
spml of 12 knots (oi nautical miles ja r hour), and what in the total 
Cost of the )ni usage * 

10. The hum of two iiuiuIn'ih is 70, and their difference is equal to 
one-thml of the great! i ; find them. 

11. A majority against a certain motion is equal to fij) per cent, 
of the total numlx-i voting. It twelve of thorn* who voted against, 
the motion had \ot«*d for it. the motion would have la*en earned-by 
a single vote. Find the nunilteiN voting on e.u h side. 

12. The sum of two numliers is 12 54, and the sum of their squares 
is 81 *5ti; find tin* iiuiuImts. 

13. The net yearly pi of it /'of a i ail way may la* tepresented by 

r hc + ry, 

where r is the gross* yearly receipt from {wissengers, and y from 
goods; h and c lieu.g constant nunila*rs. When r - 521 ftN10 and 
y= 220000, V was 530000: and Ht a later period. when x -9O2000 
and u —700000, /* wan (503OM0 What will probably l»e the value of 
P when x= HtOOtlOO and when y ..HI MW Hi’ 

14 . The ages of a man and his wife added together amount to 
7236 years: fifteen years ago the man’s age was 2 3 tunes that of, 
his wife ; what are their ages now ? 

16. A rectangular garden has one side 28 yds. longer than the 
other ; if the smaller side wer* increased by 40 yds. and the greater 
diminished by 34 yds., the aim would remain unaltered ; what are 
the lengths of the sides ? 

16. A certain resolution was carried in a delating society by a 
majority which wns equal to one third of the number of votes given 
on the losing side; hut if with the same numlier of votes 10 more 
votes had been given to the losing side, ^he resolution would only 
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ha*o Ihmuj earned l*y a majority of one. Kind the number of votes 
giten on twill wide. t 

17. A certain pie. e of umk <*un Im> e( mpleted by x men yi y days. 
If, however, x i o men weir employed the vtoik e.^ld be done in 
y li.myH, while it only r 5 men were employed the w'ork would 
take i/ f 12 days. In how many days could the work lie done by 
21 men ’ 

18. Kind two eoiHe< utive numbers such that the dillerenee of 

then Htjimies is tit 6 


Section IX. Squared Paper. • 

1. It >/ i •"> l"g„,r 2 70, find the \allies of y when .r has the 

values 2, 2 .‘I « 

Hot the values ot // and 1 on squared paper, and draw the 
piobahle emve 111 which these points he. State appioxmiately 
what value ot .»• would lause 1 / to be (» 

2. ' and / aie the distance in miles and the time in hours of a 
train horn a i.ulwav station Hoi on sipiaied pajHT. De.sml*! 
whv it is that tin i / ii/h of the <mve shows the sjM>ed ; where is the 
H|H>ed gi cutest, and wheie is it least v 


. 

0 

( 

(too 


nli (Oil .tin $-17 

Dir. 1110 oir. ii-ji u-.’.i 0:10 1 


Ml! 3'W 4'l."> j 
(Oil! 0-4.> j o-.wj 


3. A vessel is shiped like the tnistuin of .1 cone, the circular 
lvi.se is 10 niches diauiclci, the top is ,i m< lies diameter, the vertical 
axial height is S mein s IIv dtawmg, iin«l the wvial height to the 
imagmaiv veil ex ot the cone It .1 is the height of the .surface of 
a liquid trom the bottom, plot a emve, to un scales you please, 
showing for ain value ot x the area ot the hon/onal section there. 
Three points ot the eurve will Itc enough to find 
4 4. A I’m! pump of variable stroke dnven by an electro-motor at 
constant s|H»ed : the following experimental results were obtained : 


Kloctili'iil Homo 

fewer giusi to 

Power. 

Water 

'M2 

* im 

to 

2-21 

7 ‘0 

1 2t> 

10-74 

44 


Plot on squared paper, and state the prolvible electrical power 
when the power given to tjho water was 5. 
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5. Mi‘. Scott found that at tin* following «jh*i*<1h <*f a 

‘canal-I k »al tin* tow iojie pull was as follows . • 

S|H*wl*ln nnl«‘s pei houi, ^ I ti 15* 7 n7 1 X‘f»2 ; 0 01 

* I ' - . - | - - • -- 

Tow-iopt-pull in ]H>umlh, 2.”*o 1 f>00 40*1 1 2K0 

• 

What was the piohahh- pull when tin “pnd was H mile* per hour? 
Till'IV was reason to lx In \e ihat the pull «,u at its maximum at H 
miles | h * i hour, her mo this w.iv (he natmal sp*M*d ot a longwave 

m that i .uial 

• 

6. < liven »/ !h J ‘2*ilo<» lri ar 7 **77. hud the values of y when x 
is 1 o, *J :» Plot the \ dm < <4 / and >i on hiuiiimI jwijiei and 
dm* the piohahh- »ui\e in w lin h these |niiiils lie. What vulue 
of { wAuld < ansi- i/ to he IP 

7. It v 2< ■ 1 foi mu lous \ alius of .r. eah nhlte y ; plot on 

njuaie<l : state anpi oxiinaOH tin \alm ot .< whioli r -auses y 

to he ot it • small* st \ nine 

8. Kind to time signiheant tiguie* a value <4 x which satisfies 
the equation 

!>■ |0log,„i :t 0 

9. It is thought that the following ohscj\ti| quantities, in whieh 
then* aie piohahh *nois'4 ohseivatmn. tolhiw a law like 

y 

Test if this is so, and find the most pmUdile values <4 a and h. 


- : 4* :io i 

1 •! K) ' 

i ; 

t no 

4 «fJ 

O 01 ; 7 20 

v .'«*» 

1 T* i • 

;>o :t 1 

1 

07 "1 

So 0 ; lino j 


plot :<v 

•- 4 Hr 

, (HI 



Plot iV 

111 

<*7e. 



Find the point where they eioss What angle doef#eaeh of them 
make with the axis of r'* At what angle do they nn*et ? * 

11. Plot the eurve 

jy^Sr 3 - flj- a. 1 

for values of r lwtwreen 1 and 1 Find the least positive value of 
x which satisfies tin- equation. 

12. Find one value of x for which 

•') I»k 10 i • ~ -2-7 0. 
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4 Find the values of x which satisfy the equation 

* ^=3-.V 

by drawing in one figure (he curves 

• 1 / 3 'ox and y — e*. 

14. Find by squared the \alues of x and y which satisfy 
simultaneously' the equation* 

J :i ( y l 'ix 9 -0, x ‘2y -\ 4-0. • 

15. An army of r>000 men costa a country C800.000 per annum to 

mainUin it, an army of 10,000 men costs i‘1,300,000 pet annum to 
maintain it ; what is the annual cost of an arm) of HOW? Take the 
simplest law which is consistent with the figures given. Use 
squared jmijrt or not. as you please. • f 

16. At the following draughts in sea water a particular vesiel Jja& 
the following displacements : 

j Draught h feet ,j 15 ! | J • ft 

j Displacement 7’tons - -J09N ' 1512 HUH 

What are the pmhahle displacements when the draughts are 11 
and 13 feet respectively ? 

17. T ho keeper of a lestauiant finds that when he has (• guests a 

day his total daily piofit (the diflerenec Itctwccri Ins actual receipts 
and ex^H'iulituie including rent, taxes, wages, wear arid tear, food 
and drink) is J* pounds, the following numlwrs being averages 
obtained by com pa i ison of many days' net omits ; what simple law 
scorns to connect /’ and (/? « •* 


«*3 


580 


•210 | -Oft 

•270 i h 1‘8 

3*20 ! +4-8 

300 j 4 0 4 

For what Dumber of guests would lie just have no profit! 

18. An examiner nas given murks to pipers; the highest number 
of marks is 185, the lowest 4*2. He desires to change all his marks 
According to a linear law, convening the highest number of marks 
into 250 and the lowest, into 100 ; show bow he may do this, and 
state tho converted marks for papers already marked 00, 100, 150. 

Use squared paper, nr algebra, ivs you please. 
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19. A is the Itorizontal sectional urea of » vessel iu square ^oefc 
at the water level, h living the vertical diaught in feet. * 


i4.s;>(f I4.UNI i la.Tso | 18.ifiu 


1 


‘.’a n -3 Kid i it i i 14 ti 


Plot on w|tmml jupei ami nail «>lf and tabulate A for values 
of A. *23, 20, I#. 

It the uwcl changes in dtani'hl ftotn 2tfo to lit o, what ih the 
diminution of its diqilaci m< nt in i nine led v 

20. Kind a \alue of r wlu< h samites the njuation 

x : ding,,,, 2‘•VI I 0. 

21. Jf x-n(<fr- ■'in </>) and i/ oil Mh if, i, amt it a -- d; taking 
various values -if v* hetviren 0 ind. sa\ . I d, <<d<ulate .1 and y and 
plot this jKU't ot tin ( ill \e 


22. If x* Ik* the dept h o» wlu< h .1 floating spin u- of radius r and 
density p sinks in water, it is lound liut 1 3/ i f > 4/-/> 0 

By wpiaml puj*r ddmunie appiooiuat> l\ the depth to which a 
sphere of ladius 10 nn in s and d« nsily o lid will sink in water. 


23. The followin'; nuiuhcts idati to the flow ol water over a 
triangular notch : 


II I ■_> II 111 is '.’ll ■-> 4 | 

u 4 1 i;i *:> n .1 i4» air. I 

__ j 

// denotes the livud of water (in lent I and the quantity (in cubic, 
feet) of water flowing pet .second >liow that (,> and 11 are 
Connected by the formula t^-r//”, and deteinnue tin values of w 
and r. Find tin* \nhte of V "hen // 2 2. 

24. In the formula fot a hollow shaft, 

n* it* u>r 

I> Jv 

(liven d -3 in., T -2KU./ 7, find I). 


25. A series of soundings taken ai nm a met channel is given by 
the following table, x feet, being distance trorn one shorn and y feet 
the corresponding depth. Ibltw the heetion. Find it* ana. 
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. 2ft* h is tin' height in feet <>| llu* iitiuosphetH 1 mii fair of the water 
in a reset voit al*ove the lowest. jminl ol the iiottom; .-l is.lhe area 
of tlu> suifaer in ■mjii.iiv In t ^ 

\Vhen f tin- lesmoii Mas lillnl to \ at ioum heights tl^* aieRs were 
mniMiiml and lound to lie : 

;wt„ . ,* , o j n J ’I J .i'l j 17 | l.*J ' 7S j '!] I tot | 120 

j Valuesu| I (I Jl iHill hJ , t”. 1 MKi »*»,_*«m» II Ton ',rt.|()u M,70^j«.n,MK> (• , *,3lHl 

How inn n\ iiiIik In t oi watei leave the leservmr when h alters 
Irom lid to tin i 

27. In a Inhh hi value-, nt r md i/ I tmd the follow mg entries : 

- I« i II 12 Id 

i/ o lll.i (illJ n ii||,‘,o ii 1202 

What ts the piohiMe value <>l // vi In n i i. 11 .V' 

Wh it in the piohaMe value i>l i vv In n </ n It 1 1 (m v 

28. 'I'lie < loss sei Hon o| a tn e (.1 m| m ), at distanee x I nun one 

end. is as s 

1 r 10 dti u0 To no III) , Ido 150 , 

.1 120 12d 1211 120 Id! Ida 112 | 15(i j 

\\ hat IS the volume of the tiee, Us tola] length hemg Id ft. 4 in.? 

29. ll V ' ‘ ■ II. eahulate 1 / foi vanofis values of x from 

1 to 2, and plot on sipiaied jmjm t Ion whit value of x is »/. 0? 

30. 11 v 2 ’’log * j (Hl <» dd. find y lot a numU r of values <»f 

.»• fietween l."» anil 2tt, and plot on s,ju:u<d paper. Kor what value 
of.ris;/ ll? t 




MATHEMATICAL TABLES 


TAltLK 1 

IMHiyTANT l>.m. 


ir =41*1410 IlUC ui 

V- 

407*2. 

it* 0 N7 

* „ -"Tl" 

i:m. 

t/-52 2 

7W4 

1 K05I 


„ iw :t 

1 75*15. 


„ I7 JIS 

5-2:175. 


I inch *'2 5 I i cntmictrcfl. 

1 1 inilo 52S0 it _ J7*»o 
1 I nice toot of U.lll | 02 5 111'. 

I .mIIoii of w.itoi -10 Ills. *J77 it * ul). in. 

51 ).n«ls 1 I 4*11, l*olr, III | M 11 ll 

1*10 link' I jim.i, . h.un 22 \ ails. 

.’lil} >i| \ mi ■ 1 '<| i"i] 

1 <> '41. I'liains 1 .nil' 4M0 m, \,ni|s 
1 hoii*4'-|io\\» i <HN) It Hi' jii'i 1 11 11 1 710 watts. 

Volts - ampcri'S -watts. 

1 iVtnio'iphi'M 11 7 H*-s. |k i Mj. ui . i'iiii''|i *ml 4 lo tli<'jiicsMire <luc 
to 4i lolimm ol \uiUi ill n Ini'll, m .i column of incicuty 
70*> mm. 

1 riulian - 57 5 ilegi ces. 

The Invkc of NajK i mii lo^n 11 h him js i 27 IS 

To eonwrt comuitm nitn N'.ijn'ti.tn lo^ai ithms nmltijil) hy C’.'tOCO. 


TAHLK II 

UKI.AT1VK 

w Klein 

8 • 


, Wt iK'Ilt Ilf I'llll \ >■1111114. 

• 

Nami, 

Ill Jm.III.4s 

lOlutlw Density, 

1 

t 



! < ni. ft 

•"41lj III 

N|»e»'if}t* OmVtty, 

Water, 

"i 

| 02 A 

OH6 

1 

CVutt Iron, * 

i 450 

2« 

7 2*2 

Wrought Iron, 

4 HO 

•28 

7 608 

Steel, - 

490 

•2fl 

7'85 

liras*, 

; 515 

-21*8 

8-25 

E2T: : : 

552 

1 712 

J.- jtl 

’510 

414 

8 0 

11-418 
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.*12 
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58 
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.17 24 : 
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1, 
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50 

.laDO 



('•17 


•60 

;«ki 

.> nlh 

1.» 

|0"9 


»l- 

4"i> 

411- 1 . 

i . 

*i*i 1 

* • 11 

ri> 

Il'M 

(1 - 

41- • 

. 1 - 


1*5 

l ’i..« 

12. i> 



1 " ■ 

64 

4.0. - 

437 '* 

J.!» ., 

r. . • 


•65 

i 107 

4177 

ii-r 1 

IS'<- 


its 


I '1 

s’ •' 




l"77 

1' ' 

|.,rl 

i.in 

. .1 1 

08 

47 M 

r *; 

1 s 

1 

■ • l . 

69 . 

4t>9-> 

1 "1.1 

49.11 

4‘*2 2 

*■41. 

70 

5012 

V-.’l 


1017 

V.'.w ' 

•71 

5120 

Ml*. 

'•! > ’ 

1 


72 

V24s 

,2-) 

’>2. .* 

1 


73 

5.17 ft 

r .3‘. ‘ 

{-r* 


• 12" 

•74 

541*5 

>5**S 


55.U 


75 

W’i 

W, 

W40 



70 

'.7 M 

'.7'l- 

''1 

* * 


"77 



V>| •' 

■,. 1 

i‘M t 

7h 

60' , »» 

ti*i I'l 

y ,. ■ 

y* 7 


*7*J 

ClOn 

ol 1 *') 

61‘*4 


'""I 

80 

0810 

0124 

f.'ITO 

0«1S 


•81 

04 .7 

M.’l 

01 •. 


1 .In 

•82 

»-.. 

0<i.*2 

i > 

«... 1 

< n'X ( 

•M 

«.r».i 

.*770 

*' 

1 Ml". 

. v 1 ( 

•M 

«. »!■* 

otnu 


<.•84) 


•85 

7079 

7090 



711» | 

so 

7244 

T2..1 

727'* 


7 "1 , 

ST 

7413 

7 4 il’ 

7417 

71- 4 

. i 1 .’ 

88 

T5W 

7*W>:! 

1 

7'’. IS 


Vi 

| 7762 

77582 

779'' 

7 Mo 

'’'“I 

•oo 

| 7043 

7962 

7-wi 

7908 

R .*17 • 

•91 

' SI.*. 

«147 

Mel 

MvS 

WK,J , 


; K3]S 

'■4.4.77 
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ANSWERS. 


PART II 


Exercises I., p. 4. 


1 43 w[, ft. 0' li". i»r 13 mj ft 
3. 12 W|. ft. SI m<| in. 

5. 300 cub. ft. 308 ouli in. 

7. 139 cub. ft. 319 . till. in. 

9. 0 cub. ft. 192 cub. in 
U. 99 65 cub. ft. 

13. 39 cub. tl. 9MR i tib. 

15. 38 cub, ft. 432 < u*‘. i 

16. 11 8i|. ft. SO’ti '■uj. in. 


7s s '| in 2. 198*75 8<j 

4 193 s.) ft. 2' 5" 3"' O'". 

6 0090 9t!9 cub. ft. 

8 . 33 i cub ft. 4' 11" O'". 

10 . 11 cub. yiK 0 cub. ft. 1123 cub. in. 
12. 10.) cub ft 339 3138 cub. in. 

14. s < ui». it. 030*375 cub. in. 

I "i it. 7»*tf *»i|. m. 

17. 130-2 sij ft. 


Exercises II., p. 10. 


1. 7141. 

2. 1 170. 

3 4S-53. 

1 853 1. 

5. '07993. 

9. 1003. 

7 OH 1-2. 

8. 287'4. 

9. I)'474. 

10. (i) 24*18; 

(n) 730 2. 

11. 1233. 

12. ■07ISO. 

13. 01301. 

14. 1 fS 9# * 

15. -2531. 

16. 1)4)582. 

17. 307 0 

18. 00917. 

19. 2-396. 

20. *05398. 

21. 9IKS. 

22. *08935. 

23. 183-7. 

24. 1)1814. 

25. (l) -04240; (ii) 

JISS, » (i) -H7-2-2; (ii) -2346. 

27* It>97. 

28. 97.P0 

29. *09781. 

30. *00007381. 

31. (i) *78525; 

: jii) DW.Il S («n) 7H-3H ; (n)C 'i). 


* 

Exercises III., p. 11. 


1. 1(031. 

2. *03458. 

3. 7850. 

4. 40000. 

5. 012. 

6. 1)4369. 

T* *07087. 

8. 53*32. 

9. 204. 

10 *4000. 

11. 2551. 

12. *1)006398, 

13. 12000. 

11 10885. 

15. 04019. 

16. -#507. 

17. 108S. 

18. 1105803. 

19. 1)6039. 

20. 1072. 

91. 3-730. 

92. (i) -0177; (u) 2-44. 

23. 76-93. 

91 1*285. 

25. 1JOOUOO8380 







ANSWERS. I* 8 " 

, Miscellaneous Exercises IV., p. 12. 

1. (i) I s .!: (li) 1090. . *2. (>) 1*1.7; (•»> 730. 

• s, (i) %».»’: (ii) 1.7.71. 4. (i) 33-29; (u) !28-3||, 

">s -IliKIlT <„) 730. 6. (|) (li)270tl). 

7. (||74!IH; (il|3-74. 8 (l) 01147; (III 70 O. 9. 17285. 

<0. 1481. 11 01.70 07. III! s (inl'24'4. 19. 171 '4. 

>3 (iHBII. 1^-4: ill> 1*711 <». 181-3; (ml <999912074. 37M? 

(iv> <999)7381. J i t: (v) 937 * 4.> 34: 

(vi) l »:i, 7*1 : (' hi l.Tsmi, 32 94. 

Exercises V., p. 17. 

1. -01(102. 3. -.7197. 3. 0)31919; (nl *4141. 4. 503*4. 

t, '2j»i 6. 06.702. 7. I 102. 8. (1)11 ’JH7; In) '."41111. 

1 . 1 itnil. io. mini i-"i. li. - 1 .vs. 12 •j-ikki. 

13. (I) S-HT : (II) .»723 : )nn ffllft 14. :i liril. IS. ■.7400. 

J8. <134445. 17, -*1 .VI. 18. 0 401. 19. 13 32. 

Miscellaneous Exeiciscs VI., p. 20. 

1. 0001314. 3. -12411. 4 3. 5. 220(1. 

6. mM 113.72. 7. 7 47:1. 8 .7 73.71); _ , 737l): .7-73.76. 

e. 6267. 10 . .1221 11 innill. 13. 2-4607. 

13. |-Hi-2. 14 166647174. 18. Hit 18. 1-706. 

■02101. 18. 1783. 1». 31 I. 30. 4673. 

Hill. 22. I 8Hi. 33. 12(17 24. (li) -6142. 

2-6. 26. 3271. 27 “2026 28. 0)6004. 

43-40. 30. <1.1733. 31. -4077 32. .7667. 

1 076. * »4. 16.71. 38. 2.70 38. 3-30x10*. 

(II -1-2441, 1110: (in nmil.311, <4474(91; mu ( 681 I 41 H. 3021. 

1-703; <9111(17. 39 191711. 40. (11 IS 36; (lii 22 3; (iil) 11'6. ,» 

(a) 67-22: (8)0-0(412; (c) 8-127. 

(a) 0-2416 ; (7) U .7.706 ; , f ( 30 07. • 

( 0 ) 636 9; (li) 2002 ; (<) 2-ATS ; ( 1 1) (109101 ; («) 2848. 

20 87; 10; 3-41.7. 48. 0 727. 

29.72; 1-027 10 l: . t 5 1KKi. 47. 6191-2 48. 3 081. 

*=4000. 60. la) .■ = •>•411.7; (A) * = 7-.74 4 6L 1054. 

Exercises VII., p. 29. 


1. 3-14, 7, 120, 28-3, 4 1.7, 8 04, 13 85, .10-2. 
1 823-4. 3. Sin. 



I. Sli ' WflllKSIftil' UATIIHMATICS. 

^ ' Exercises VIII., p. 33, * 

L. .|0 2* l.-.l liu-hca. 3. 1.1*71 ft. 

„ 4. 218.7711 mill’s. 6 22 0.7-4*11 6. 4!MjW. 

7 2ls»w; « :t(M ft. 8. i;:i oo, .78 7.7. :*:•<>. 

10. I>«> 11 ,7f mill s. la l.'t fi 

13. ISO 14. I 'll fl ; 2 228 ft. 15 .77 lift. 

18. Ill !IX in 17* 31-7 ; .71 82.7. 18^ 78 .7 in. 

1». 47 744 in.; 11 !l3li iij. 20 llx 117 in. 21* 3-’ 181 in. 

22. lilW-.'lll mj in 23 .77 17 1.7' in .77 .1 24 131 

28. 12 .7(1111 in. 28 22X0 Mill,ms 27 ii'tl i .I* 

28. 714114 nnlos. 29 I .72 m 30. I,S3 ill' 17" 

31 43.7-7. 32 I' 211' 1.1'. 33. 2i> in. 

Exercises IX., p. 41. * • 

1 17 ill. 3. .7-1 Mil si| in. 3 9-4IIII ill. ‘4 I.V.I7-I H. 

8. 200 jiN 6 III :i; ml 1814: (ml 02: (iv) 2. 

7. (i) -003217 ; (ill "00033. iml x.7.73. 8. 112 ISa. ftl-Jil. 

9. 140-3 Mj. ft 10 113113 1121 w| fl. 11 .7,10 37.7 wj. ft 

12. 20-11 w|. ft. 13. 12 771. 14. 127 On. Oil. 

16 l:3-7S. 16 X2 17 s,|. ft. 17. 4X0 a,,, ft.: 04 ft. 

18. '0x2 Hij ft. 19 323 m|. in 20. 1472 112.7 

21. 20100 n ( . ft 22 1.7 1X7 It 23 13 3.72 W|. in. 

24. 7*t»T»S | m 25 Jo o m 26. 22‘8 in. 

27. 2618 s<|. yds 28. 17*7 08 yl* : 1 ss 1 'M\ mj. yds. 

29 -IHOS It ir>o 707*i fl 30 2718 0m, ft. 81. »2J)28m| in. 

32. 61.M m<i Ji. 33 4 004 m. 

• . « 

Exercises X., p. 59 

, 3. Ill ; 142 4. 2720 Hi. 8 Xll2xi| viU. 8. 2311 llw. 

7. 330 7 M| ll. 8 12X00,, il> || 9 2IX 72'ttili II.; X1I7X llw. 

10., 1701 si| It. 11. 2X'i-.j ft 12 32 32 : ,72 X ; .72 X. 

13, III 01 70^0. .7X00 14. 32 77X : 32-.70X 16 310.73 1! c-nI, fl 

II. 12 4 tons 17. £001. 10,. 18. i'17. 1.7a. 2il. 

If. MB Penh in., 2110 Ills 20. Ill I, 1O270-.7. 21. 2373J m). y,l«. 

Exercises XI., j). 68. 

1. 2X31 It. 2 11.77 4 30330. 8 21X1-.3, e. lilts'; J,7 432. 

7. 2(87 llw. 8. 122(1 ijr-iliia. 9 11 (817 ; 2IO-.7. 10. , 70-703. 

11. 49 078. 19. 3143112 13. 1743 23.7 : 220-30. 14. 103-2. 

18 04008-7.7. II. 0-4898. 17. 14 20 18. 3.7-23. 19. 7'3 

90. 13-9. cub in. Jl. 3 pis. 31. Cold 4.32 :1 sih-er 1477 grama. 

23. Hollow, envity 1 o.c. 24. 13 cub. in. 
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Exercises XII., p. 79. 

1. lOOK.-flb in. 2. IP* cub. ft 39S72. 

■J. Kiel*, ft ; SI ; Sloll,.s* 4, ft 

^fc.3000 kiln.* 6 23.79. 

7. If .71 : 9 24.7 mb ft. 8 In ft. 7 in. ; CfS, .7* 2'Sil. • 

». £2 1.7* 7'l 10 Sill in 11. 4'87t'* 

12. 343. 13 49s I l',„ 14 . |* |,1. 

IS 421 S7-7 ■•nit ft 16. 172 h| fl , 17. 9 MJ. in. 

IS. Ill ft. S in. ; I \ III. 19 79SO rub. in : tin. 21. 

20 I 11-2 , ill,. II. .* 12 till ii. in 21 llltIMt 22. tl 2s t»l. 

23.2ltiellll.lt 24 JSIlil,- 28 l.'iSlSMlS, 

26 It I* i, 27 I ntitl It 28 liss.7 i nil in : 230 S His 

-29.4921 mb. m . 1.71 I II*. 30 fl .H, , l t.,i,~ 31 KII7t<>iik, 

32. •:t2* ll,s. 33 S ,VHi i ,k l~ 

34 til ii.. 36 ^!7'is li- 36 i:i:m H- 

37 2 i’t -III. II ; II 1.7 . 38 7 7H4 euli ft. - 3193 H llw. 

33. (.11 :: II.',II ml, ft : 1181 I II,- ; (4.1 1032 mb in . l_-4 :i 11 .m 

40. .vm.noo 4! s fi n |7 

42. f.ii .‘1 , ■/ : (I,) (it 2' r. >/' I ; Ini \V J i i /‘; tint \ i y l , 

43 limit ml,, fl. 44. id III 4B. 21,7(1 Hi. 


Exercises XIII. p. 87. 

1. 4II2-I2I«.| ft : Itklt. IS, III) ft 2. M il w, ft . 70-tl.t etili. ft. 

3. 7 979 in 4 4(WI “<i in 

5. 21 4S jwj ft ; 7802 7 41 j in. 8 22ti2m!i in . t.71 ’2 lbs. 

7. I .77 full ft. 8.'2.7721 II,.s 9. .7197 S ml,, fl : 1.72 (17 Ions. 

10 list .72 Ils, 11 2 17 in, Inn |ht min. 

12. 10 fl. 13 £32 19s. fid. 14 1.172 4 mli in. 

18. 3II5SO 11m. 16. f 1173.7 )!«,. 17. 900 2.7 llw. 

iambs. 19. 2222 11* 20 ‘2#•54 *|. yiIs.•.43.73 11*. 

.79. 7 in 22 lift tons. 23 21112 II*.* , 

21-21. 26 . 49 4S *| ft ; 13 . 3 , 11 b. ft ; KM.70I1*. 

2029’.7 cul). in ; .727 4 ii*. 27 0 fl. : t‘10 1 Is, tkl. 

1434 list.: £10. 4s. H 9,1. , 29. 0H90 If*. 30 17114 toon. 

•274 ft* 32. fi-44fi in. 33 10.7 2 11*. 34 35.7 lbs. 

17^0-2(1. 36 <125 in. 37 III null. euli. ft.; 239 Un*. 

51-2 9 lb« 39. 40 S lbs. 40 07 11*. ■, 726 lbs. 

14 in. <2. 9.350. 43. 1 hr. 21-9 mill. 
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4. 41 124 cull. ft.; .VP93 *q. If. 
6. 3112 llw. 7. 2411-4 ciflrt, 
9. 532*2 mb ft. 

11 . 763*3 ft.: 3458987 cub. yih. 
177 I H(j. in. 13. ^466145 mb. ytk 
16 .‘{S'.") stj. in. ; 9*629 si|. in. 

5 < uii ft. 19. ) 17285 cub. ft. 

22. 1JJ-57 otb. hi. 


v < Exercises XIV., p. 96. 

1. SOO M|. ft.; 64.5-8 culi ft. 5. 6 ‘>34 lbs. 

3. 66 50 «(j. It.; 33 cub. ft. 

\ 6.' 3fi*4 llw.: 53 11 lbs 

' 6. *23-ft inches. 

11* 32*557 yiln. 

12. 128h cub. in.; '2.,\ mb in 
14. 70 1 tt. 15. ;i63 1 It 
17. 36382 cub ft 18 206 

20 . 22*75 s*| in. 21 11 S in. 

23. (a) 204*2 s«|. in.; (/,) 311*2 mb. in. 

24. Oi) 6 64* m. . \l>) 57 I cub in • (t) 50*13 mj. in. 

25. i«) 211*3 cub. It ; (h) | l-i it I n. . (,| in; j Hj . f t> 

38 n fKU 37 ;f.i7*7 sq. in.: 36 9“. 

28. I7SS0 kis 29, |*S15 '* 

Exercises XV., p. 101. 

1 7—•*. :>(> I Its. 2 3327 lbs. 

ti.il !».ul. in.; 170 9 lbs. 4 . 7843 11m. 

6 - !l s 7. 128 03 cub. ft. 

Exercises XVI., p. 104. 

1. IfW «|. in., 46-7211.. 2 . sins m. j. 8-Sfiei,,., I2U8 in. 

4. 10-87.5 in. ». SOM'll; 12 023. 6. 4 0-44 in. 

7. 4 linin'. 3-„> min. e. 4 1888 c„l,. f,. 9 . -.445 . 3.^5 

10. 11’0*2 in. 11 lit s. 12. 033-8 lbs. 13 -s'lt4 llw 

10. £-H. 13s. 7U * • 16. 12-98 in.* 


1. 6636 cub. in. 
3. 531 0 mj. in. 
5. 3*5 in. 


14. liti*42 lbs. 


Miscellaneous Exorcises XVII., p. 105. 


‘1. 1233 lbs. 3. 133-71 ft. 3 . 11 a;)-849 lbs. 

4. 96 cull. 1-1.; 138-328 in. 5 . 1891-32 sq. ft. 6. I ft, 

9. -70 lb. 


7. 131-7 cub. It. 8. 4 083 in, 

11. 4r (where r - Hid of sphere}. 


IS. 9-WS in. 

It 188-490 e,ll>. in. 
’° 730.5 lbs. 

210 . 

£1. 17s. 3ii. 
1256-63 w]. It 
«. 493-3 lbn. 


14. 3 2 ft. 

17. 140900. 

JO. 368 ; 426. 

33. 1 084 : 1. 

M. 16 ft. 2-4 in. 
29. 31*37 min. 
Zp. £135. 


12. 1232 cub. ft. 

15. 33*47 tons. 

18. 14 6 b). * 

Jl. 2324-7 ft. 

24. 10*9 min. *v 
27. 4 in. 

30. 4*43 ft.; 2497CKX 
33, 1309 lbs. 
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txercisas XVIII., p. Ill. 

• 

1. (*+3)(*'-l»). 3. (lOrjIMr + S). * 3. (*-t5)(x-l7). 

4(IIr-JHj.tT). 5. (Sx-tlKBr-2). «. (HM 2l 2j/l(JM - 

T?j* - Ii t■£)(«*- ftili nf ! l/‘ l I/.' < r«). 8. I.» » 

I. (i) (j--ll)(/ + 4)i (n| (.r Hi)U -17). 10. (ir- :ii/)(7r -iy). 

11. (n'J)(x-7). 11. y(j- - 3y)(r-l'-v) , 13. fi(c - n)(7fl I #1 

18 (l)(3x-Sy)(jr i 3.v); (n) -■ (jr - 7y ): 

(iii) (.7fl 1 Hit r)( 'i H .V); (iv) («j- ! l ‘AV’H% 1 •">.'/)<3.i- - r,i/). 

18. (3«- ~4y)(7..-1 16 (y ,1/111* ruyi 7y’). 

17. (I J »'ir;/ I 4//-)(J-* 4/y I Kii/'l. 18, (11 r -jH.r ( 7). 


. Exercises XIX., p. 114. 

8 <!«*»'. fl, n'-i 6 l,*i~“*. 7. r'"' 1 - 5 *. 

8 J* (f« 2 y l-Hir). 9 n' .'(SI"’ I :K-i ” c i 1B.I 3 ). 

10. <i| : lli)9?S; lui)n« '■ 11. a'*/.' 1 ’ 4 . 

11. J. 13. ic'I'V. 18 (J-J/' J )". 15. ft su'd 

Miscellaneous Exercises XX., p. 115. 

1. 2**-4x.+!!:» - 'if. 

3. **-1, 8 

J * * 

S. a 4 - JViVi j 6a"& 8 • 'Ml /'» ^ 

8. I3*H6. • # 9. 44 

U. (i) x 3 H*x » a*; Iii) x*» « J »- < 

14. (&r + y)}to* 


2. lit 

A~ ♦ 1 


• ix’* i 2»-' i- , 1 ; (ii) y 2. 
5. 2.< 7 7x 2 4f>. 

7. i ! i ax t a 3 . 

10. Mb. 

13. lx 5. 


18. (i) X 4 f jr l - aV 1 1 x 1 I : (ii) x*) (« -( 3)<u i 3a' 2 . 

a- t /»- a- i //* • 

IT. a -26 + *2f-</; 1. 19. x y- - 20. a. 

(till HIM 

13. |ft»+3l/)lftl-»); (Ai-3/iJ*; (4«-!>)(«-21,). ' 
(a) (ft» + 3li't(4« s - ftit-rOW'l; (l>! rU. 2)<2jr + 7). 

(a) (J/i* j r,p r, 67*; ((') t/i»-1'2/«7 i 9?*; 

(c)l#-V: Ij- + Ul(.c 4 3) : l). 

( 0 ) 4*72 + 70; (Ii) (a t(»)|c-* d ); {c) {* - y){r < y - ty). 

(»+5)(i-.V); (x-ll(fl- -I- 

(r +12-35) (j- - 11 115) ; Ii-1 - U'I»)(jm -J-S77) ; U I 3)(j- 1 - 3x1-9). 

-|J. 10. 1-Mfl. 
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Exercises XXI., p. 121.. 

, a- - 4 g .‘to f- .r A x - 3y 


x 1-4 

7. 


8 . 


(•' I '/)- 


y 

18. 0. 


(a -'Ha- .’I)' 

w. 

y- Ilia • 

i4 

Jll 

17. 0. 


19. r-t y f--.. 

1 

• .V 3 ’ 


23. 


20 . 0 . 

24 ' 


21 


a- f 3y • xi a 
■ W ) (.•#!'-1 4 W ) nf * 
«*-- IM* 

, > 1S 2,r 

' ‘ ,c 

,l j * 'lay 1y-'' 

<•*' 1 . 1 / , 

-y- 

'2a- - ah ~ li 1 

<r -IP ■ *. " 

v 26. *». 

- I ( 


27. 


• y 

2 .y(r i 2y) 


28 I 008, IIIMKHIIJ 29 (.1. 20211, [/.) . (,•) ", 


30 

(<#l 11 

i 2// ; 

r> . a .i m i,/ 

2 . (■ 

ly 3 

r 

(<h 

fu* 

3y^ (5: 


1ST, ; 

27 ; 

10 2.7; 1ST.'* 









Exercises XXII., 

p. 125. 




1. 

<>/ 

2 

1.7. 3 

21. 

4. 

48. 


5. 

14. 

6. 

ft* 

h ■ it' 

7. 

•to' 1 /«■ „ 

2/. • 

II. 

9. 

»> 


10. 

it + c 

~i> * 

11. 

*• 

12 

V!- i3 

\). 

ah 

a ir 

14. 

1?. 


16. 

4 

6‘ 

16. 

12. 

17. 

18. 

19. 

12. 

* 


20. 

13?. 

21. 


22. 

5. 23. 

24 

2 

26. 

\. 

26. J. 

27. 

-21. 

28. 

V'. 29 ah,. 

30. 

'2ah 
a i 1/ 

31. 

7 

32. 1. 


, Exercises XXIII., p. 128. 

1. 25 and 15, 2. 21 ; Is. 3 , 78 yds; 5S yds. 4 . <i yds.; 1 yd. 

*6. .17100. 13s 4d ; £8.71. Os. 8,| g o * minutes. 

7. A s is £32 5s.. Ha £43, < s 171.*>. Is. 0,1. 8. £660; £340. 

6- 71; 51. 10 . 21(1; STS. u 77,00. 12 . loj V tmns. to 4. 

13. IS ; 24. 11. .1, 22s ; II, 20s, 15. 10,*, put « ; 4ft, 1 , postB. 

16. 34. 17. 10. '■ 18 1470 18. .10, fjLB. 

20.20. 21. 4 days. 22. 83 . 0542 amf>« 3 ». 

21. £1. 13s. : 7-s. 00. 25. 1.7 per cent, decreaao. 

26. £1S. Ss. ; £14. 14s. ; £1.1. 10-. 
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Exercises 

XXIV.} p. 

134, 

v 

1. .1 = 4, • ;/ ,'i. 2. 

3, y - 4 

3 

- y-l 

-t v. -' 5 1 

15, y -10. 

6. 

X 10, 1/12. 

8, 

10, v - 4. 

9. 

j 12. iT ~i 

10 .» -30, y 4«» 11. » 

40, y 30 

12. 

.. 13. i/ 17/ 

13 » 1, v J 

14 «i 

1. y 

1, : 1. ^ 

15 < tj Na h\ 

16. .i 

I. y~ 

1 

* «(/» 

17. / . ,v 

18 r 

• 

7 , v 

3. 

if if; If 7 

19. 

20 <•- 

•_v. ,f. 

y A. 1, 

„ ’ , *y :p, 22 . 

1, y 1 


23. .. 4. y J. 

. * 

24. .i HI, v 7 25 - 

4’." •’ 


26, i 3, y - 0. 

, fI - . /,- «*-’ if/, 




27. . 

a- ■ /.( fr * 

28 .« 

.V 

3.i 


Exercises XXV., p. 138. 

1. A 2 s, u, aiul in. 3 a ; ns. 

4. 3 and 11 ft. suit n 5 2. 5 6 J 

y - 

7 o«| ft. 8. N M |h*i w| fi . Cxi io (•no. c. r >no. 

11 2$; 3. 12 I! ; .'»J uK 13 00; 45 14 30. 

15. h 16 A’ 040 AN ft 17 01. 

18. £450; £22.5; 1ST I***- ; £237 10s. 19 K 313//*1*08. 


• , 

Exercises XXVI., p. 151. 


2. (j) 

F 

■win 

5 : 

(u 

F :to7/.*‘ 0i 

till) 

F 

H7I4// 

200 

(n 

F -023 A* 12 

(v) 

F 

• I !«//■* 

(•5. /, 

^S-4A’ 

37; 

(vi) 

K- 

•044// 

■4.50. 



3. 0) 

F 


10, 

F- 

1»73«/f+lt«; 

(11) 

K- 

■04#/ . 

•3ft, 


2 A , 2.5; 

(ui) ££■- 

-il*A‘ 

1 

/’- 

*077 A•* I 75; 

w 

K 

itMR 

• -Os. 

o A’ 

1 75 A ■ .5 ; 

(y 

V 

\R . 1 

75. 

/' 

05/^2 S8; 

J* 

K 

•023 A* i 

•4. 

/•' 

00.57 A I 1 ; 


F 

•3s /; t 

■(Hi. 

A 

•020 A ? *04 ; 

(\ III! 

F 

0X51 A* 

• ‘57, 

/’ 

i mu 27. 



/ 

■p • WOUHKHOJ] 

». » -.2'71ug.Y-/)'l. 

5,*ti) 4-lfti, 




(iijti .-awing jr-Rit, 


11 |ng 


MAT1IKMATICS. 


2(4 log y - -2(4 • 

4 V * 

- 2 sti log * ^ f 1 *87 , # 




6. L -.11 !»7"’ ! 537. 


MISCELLANEOUS EXERCISES. 

Section I. Multiplication and Division, p. i63. * 


1. (i) 2.31-7, (ii) 2.317. 

3. (i) .31 (Hi, (n) 0 .37:12 

6. ( 1 ) 3-123, (n) I7<4 

7. <i7H7. 

11. ( 1 ) 7»40, <ii) 001251 
13. (i) 0-1.300, ( 11 ) 1251. 


2 ( 1 ) 02 25, (ii)0 10,50. 

4. 0)0 012.54, m) 7-440. 

6. ( 1 ) 410 S. ( 11 ) <» 0707. 

10 2 1353,5 0.33. 

12. (DO 17.30, ( 11 ) 0<102400. 
14 . 7o-7o. 


Section II. Involution and Evolution, p. 163. 


1. 5-0.3, 1540 
4. 170.3000, 11 0.3 
8. ( 1 ) 0 0.30, (ii) 2 -892. 
11. ( 1 ) 1 00!), (ii) 0 0401 
13. 17 20 

m 16. •* 1-747 v 10-o, /> 
18. 0-0575. 

21 . j .302 v m 


2 1 722, O-OlOS. 3. 0 102. 1-.55. 
5. .31-7.3 1. C. 200. 

9 12 5.3 10. 15-14. 


12. 1014, 
14 1 5.5,3, 1954. 

.3*! 15!) 

19. i SIO. 

22 lllKs|0\ 


.39-8*2, 0 -02511. 

15 401 -.3 
17. 150,3. 

20. 0 02825. 0 9049. 




Section III. Area, p. 165. 7 


1. 0'158 wj. ft. 

3. 24-6.3 sq. ft. 

5. .34 fuj. ft. 

7. 143"3 s»q. ft., 1*10. 15s. Od. 
9. 39*24 yds., 259-1 sq. yds. 
11 . 219 }ds. 


2. 10 09 ft., 44-41 sq. ’ft. 
4. ( 1 ) 17315, (ii) 172-37. < 

6. 2.31-4 in., 114-4 11* 

8. 1180 fnines. 

10. 13-81 sq. ft. 



is._ ci. i». 5-aJS. 

15.' nil, *7 Vila. 
07. I7!«i J'li^ 


ans\vk|s. 

14 . (ii t!v-lti «■]. Mi., (ill iS'43 t 
.16. I'fe-N. II Pi sij It. 

18 . MtW mN 


Section IV. Volume, p. 166. 


1. -2SIr» culi. ft. 

3. 1 U'i tl , f t! (t. 

5 life 

7. 117.1 I. 

9. f 141*7 lilnjj 

11. 127 427. Ill cnl. II 

tuns. 


II III culi 
Hi irit¬ 


is* 7 1-4 in , wxhli I! I 
16. I'JOSO mil<".,«*#;».>. '».Vt 
16. 177 7 < uli. m , 240 0 ^<1 m 
If 72 0.40, 74 2112. m> .in 7-1 Ml. I |»' «« »»* 
20. 2lHN* • til) 111 , Uli* 1 n ll \nllUlM .mOSmiI- 


8. I.*{<»! tons 
10 .‘{'*7 

12 20l.‘> ml. m 
14. 4 1.4 ms* , 1 .m2 m|. ill. 
nisi(li i.mIius !»1l 7 in. 

17 s7 Mi <-iil. in . 2ii 21 His 


21. .'lli 12 s*| m . MHO i ill. i 
23. 'Kl‘74 tons, t‘21 ltis. Oil 
25. s;i7'.i<n*> M 
27. OfUMUl 
i'i 7 :inoot». 

31. !H* 4. 

33 1 1 i uli. in . H I* si|. in 

34. 2.4 :>S , nl. m ,T #7 lf» J . tWi 10 m 

33. Dm. ol srctmn 0 in., im hii i.’»<! "f n 


22 ii; 1SSH. in) I‘120 
24 l.Vi s in . * 727 t «»»•*. 

26 20.VI H.s 
28 SO 10. CIO I Os 
30 02 UK 1 Sil , 1» \<1 k 
32 4 :V7“>, .4 407 \<D 


> 111 


36. IHs lOiM 

38. 2I7-7-, \'ls. *7*7ol H»s 

40. (i) 04 0.7 ft., 144 t«.n- 


37 ’»224 H>‘ . H22 .4. 
39 7'tTl U>* 

41 11020 |!>m. 


^ . I) 1 ) >M\ 

j - a l< 1 g, 1 ff*\t\rr 

\ ! / • 

6. ■ r- ■ >r x>/. 

xr-y 


Section V. Algebra, p. 170. 




Vr; 


'h- 

’I \ <!>•. 


v;,m. u. 




WORKSHOP MATHEMATICS. 


. i 

-ft 4 3)(x + 4). 

VixiStUMI). 

lsV&f l y Yn I- 3) (2 r - y f-« ~ 3). 14. 

I5.^ r " y)1 . * 16. 

-1 

17. (. l)(,--:iKx-6). • 


7 


». (x-3|(xH). 
li>. IxlSKx (i). 
12. (.V 5)(4.r 1 3). 


(. S|(J 

I 

j 3 I 


l- r ')k -17)' 
, (i out. 


Section VI. Simple Equations, p. 171. 


i. a 

2. 

4. 

3. 

i 

3- 

4. 1 

B. 4. 

6. 

H. 

7. 

l$- 

<.»■ 9- 

9. 7. 

10. 

rj 

11. 

1 

12. 4. 

13. 

14. 

ab 

15. 

'lab 

16, afi -fl¬ 



a ) h 


a ■ b' 


1 


a'- Ir 


ab 

air* b- 

17. 

ab 

18. 

b 4a ’ 

19. 

a < b 

20. -V-,;. 

a* -f h- 

21. ab. 


a -i- b 


ab 

2ab 

22. 


23. 

24. 

2 ‘ 

/»+r 

a + b 

Section VII. Simultaneous Equations, p. 171. 

1. a-2'1, b 

o-il. 

1*4 

2. a 

- iilSIHli; 

y~. c: 

3 . t -is-:wr>. 

p 8(WTi. 4. 4, 

3. 5. 

.1. II. 

6 2, 2l. 

7. 10, 7. 

8. 

i. 

9. 

(MU, H£ 

10. 1 |a, -jV, - 

11 7 f * J 7 
'JJ 3 • 

12. 

« 4- b, a. 

13. 

13, 

14. 10, -7. 


Section Vin. Problems, p. 1 ' 

I. £1. 2s. ltd., £1. IBs. Hi., £1. 4«. <td. f a. 7202}. 

J, ,V(. 4. £1 (i« Sd..'£Lik 4d„ £1. R» 1(1. 5. if. l 

S. 2 miles per hour. ^ S. 4 ran 

». o=4 AS4, h "000010, C £fi-8«7, 27 lH)ul*.£146. 14». 

10. 4.7 li. MI-4. 11. 184, lit). U. /’-481, fl«S9. 

U. Biltsno. 14 44-,->2, 27 84. 18 . 68 yds., 4(1 yds. 

18. 83, 84. 17. Ri days. 18. 25, 24. 



ANSWE 


T 


. 9 . no 


is. . 11 . r> c. JNMSUDn IX. Squared^ Paper, p. 174. 

^ A .iuvu n..JM . att> [ • 1 1C 4 


"j-iqf, o-oew, i*tt. 


3. 
3 T4(i, 


Hi. 4 H'li. 

- 1-0(17. I -ASK, J- 2*. 


r.TB7. 


10. oil, 5X‘, 145, «7 . , 11 "-IT4. I 

U. 2'34 ui 0'452. 13 0-42S. I SO. 14 22, 13. 

^J5, £1100000.* 16. 13.70(1 . 17"0« 

11 . fi 20/> \ 23(11 230. 18. HSU, ItiOS, 2133. 

19. Ul'vK^ 143.70, 14740; 113.70 cub. :fl. 90 -’■012 

99. x -12 03 III. 93 U ( 2191. V 2 (91// ■; IHUB. 

24 ,;1„.V • 98 7110 w], (t. 96. 2I12KOOO ml.. ft. 

OJ137, 12-4. 28 12 32 < ill*, ft. 

99.' X1-31. 30 17'»3. 



INMiX. 


Alim issue, axis of, 111. | DniMtv, G7 ; i dative, n*. 

Annin plummetei. Ati. j Division. 2; by logagthm*, 10; 

Annulus, ,u* i of .m, lo by slide Mill-, 27 

Ap|no\im,itmu, 70 , 117. lo me.iii i Duodecimals, 2. %- # 

onltuufe, 0> ; Halikliu - 32, i!s | 

Alt , letiglli of .i cnculai. 31 l.liiiiiii.itioii, ** 

An a, of .in annulus, Hi, of ,i hi]ipse, .ue.i, «»f, 41 ; i i mini feme < 
ein It*, 3t>; of .m ellipse, II . of tit,.'Id 

ail Illdieuloi diagram, 17: «>t .III; Ki|IM(to||, of ,i Inn , l |;{; Ipudlitfie, 
iriegulai figme, f.» : of .i set tor, j III: simple, 123 , simultaneous, 
.’10; by vpi.ileti papei, 3<>. I I.*10, lot). 

Asymptotes, I AO Kst mi.it me, 77. 

Average emss section, i I'.volutton, I»v log.intInns, JA; 

' .slnle mie, 20. 


Hiiekwork, 7S. 

Ihitish imviMiit s of volume, (>3. 

(’rtleiil.it mg m.u hiius, 2. 

Capacity, unit of, |»3 

Centre of gravity, AS; ot inegular 
figmes, A0; ot s> umieirii al 
. figures, AS ; of .i t mingle, As. 

Cil'ele, area of, .'{ti . « it eimitnein e 
of. .10 ; length ot an ate of. 01 . 
area of a seel or of, A0 

Cuvumsn ihingcylindn, 102. 

Citcumfeiviiee, of u eirile, 30; ot 
.'in ellipse, 33. 

(’one, 7'2: lateral surface, 0A: 
volume, 04. 

Cross section, Sfi; average i A3. 

Cube, 74 : volume of, 74. \ 

Cur\o plotting, lAt>. 

C\hmlei, 71; eireumserihing, 102; 
hollow, SO : olili«|Ue. SA ; section 
of, SA; surface of, S3; volume 
of, 83. 


I I’.utom, 10s; obtained hy giti). 
I stitution. 111. 

1 Ft artloin, | IS 

I Ft usl uin^nf a s^ne, % ; of a eylnj- 

j dn, SO; tfl a pyramid, 03. 

(Ir.tphte methods, 1 fit 
It laxity, centre of, AS; sjienfic, 
i Os 

j Croat ci re I e of a spline, 101. 

Hatchet plummetcr, 5A. 

Highest eomnumyu'tor, 110. 

, Hollow, cylinder,'^’; sphere, 104. 
j Hy^rbola, reetalignlur; 1 50. 

'V 


[ Indices. • 12. V? 

1 ImlicaTor 'ram, area of, 47St*.» 
Involution, by> logarithms, 13; 

’ slide rule, 27. 

I Irregular figure, area of, 45. 
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Labour ^vintf nP-tlunU, I 
Ivttwil *»rUee, eylimler, <S4 

»*OIH . • 1 

Xrnu ili ,i lucuLu iui', 31. 

iting, I 12: equal mu «! «», 

Tim 

L*\ie*T>.ommon multiple, 120 
ImiMi itbin-, *<* 111111 *uii 12: Wimvoh 
l.\, 10 ; i v<#utmn, : im\«4u 
* 0 + non. 13: nmlliph- bi"ii, '.I. 
XupUMI.Ul "l il\ jK'lbollt , l''. 

,ul # <*w ls • Mt ,s » 1,14: ! 

ti,inffoim.itmn <*t. 10. 


Kul 1 , Sinipfton'H, Hi: H-.ipc/i 



’•micn, .%!< ul.it in^. 2 


^Ablt ,> 1lK > *t. 

5fl*l*ymeni ‘it w'lu'iif. 02 
Mi-a-jLs q\a »bnii‘. I »i b tfli. I'm. ' 

lllilrir, 

M 111t j*1 If.il loll, “2 . I>\ 'luoib • himK, 
3 ; l»s loi^.u it lima, 1*; b\ “li'b* j 
mb’. *2«>. 

Oblt'|U'’ ■ v 1 1 ndet, s'., pit'til. To. 1 
Onliii it' . iM- “I. IH. *»’• mi, H> 


}’ It ill- |ol«l(H i 7-5 

Pl.mmn t* i1"' i" s "t *■' 

."»»»: li.ii'ii'l. 

mi,.. i-..i 

Pi t Ml. 7- . -'ll I l< • o| ,1 

PtWlloirl.il Mil*-. 33^^* m 

Pyramid. 72. ** 


\ iii'l. i, 

... hi j 

\ollJIIIC j 

I 


Radian meu-*tin\ 31 
Runkine'*i .ippio\im.umn, 3*2. 3s 
-Kttuh »*. 1 

ReeUmj'ulat hvpiilmhi, l-)!* 

Relative drtisit\,g»s 
RiiiK. Kolid. oolntui of, HH» ; 
volume of. HX».§ 


Sei'toi of a eiiele, ut'Ottj 
lm.'lli of, 31. 

Si‘i tu.n of .i »\limler, S3, 
sitntl.u Mtiub., 7S 

Stmfilo equal mh>, 1*23. 
Simultaneous ojii.ition 1 *, 130, 130. 
Siiii|im> n ^t tdr. 40 

nil<\ 23, .-onsttm tioti of, 
21 , di\ i'-ion l»\, 27 ; « Milution 
hv, 23. tii\olulmu by, 27; mill- 

ttloti by, 20 
Slope of a lin«“, I II. 140. 

Sjm'. iim nr.iiit\, I'S 
Split to. 72, l*l| ; hollow, 101; 
MiiU.r of, 102. volume of. 102 

sob, |s. 71: I be i* trulai, 71: 

siunlai, 7S : men' ui at mil of, /1. 
Siiif.ii ••. of a (one 113 ; "1 a « \ lm- 
,b j, s J ; 1 1 ii'-t urn of a i one. Of.; 
I it mu 71. p\ t in id. 02; Hilnl 

i in/ 00 : i'|m' i' 102 

Sipi m <1 papt i. ii ( o|. I 10. 

'I ibl. s, inipoi t,u-l «lata. H53; 
). lative IV. e.dit. 103; Ioj4'H Itbttis, 
103 . iintilo/.iiitlniiH, 107- 

I'nit of . o-t 77 : of forte, 07 . of 
m.is' 00 . ot voliini', 03. 

.. lb iti>li me.iMirea of, 03 ; 

o! i < on. . •» I . of a eylimb r, S3 ; 
..j a « nbe 71. "f •» ]*ri"in, 73 ; of 
a p\i<imnl. 01 ; of a *»olul 

of a Kplien. J<>2 1 ttieaHUIVM 
02 , meti n. me.iMiteH of, 
03. 
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